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ABSTRACT 

The  regional  water-quality  inventory  of  the  Montana  Plains  suggests  that 
significant  water-quality  deterioration  has  occurred  in  the  glaciated  portion 
of  Montana  where  dryland  farming  has  been  practiced  for  many  years.   Several 
non-glaciated  areas  where  saline  seep  is  spreading  repidly  are  Judith  Basin, 
Fergus,  and  Stillwater  counties — also  in  areas  of  dryland  fanning. 

The  regional  survey  of  wells,  springs,  streams,  and  reservoirs  was 
conducted  over  a  42-county  area  encompassing  roughly  118,000  square  miles. 
More  than  2,800  sites  were  evaluated  in  the  field  and  452  water  samples  were 
collected,  of  which  247  were  analysed  for  trace  elements.  Specific  conductance 
of  the  water  ranged  from  1,000  and  10,000  micromhos  per  centimeter  at  64 
percent  of  the  sites.   Conductivities  were  considerably  higher  in  wells 
penetrating  Cretaceous  marine  aquifers  than  in  the  non-marine  late  Cretaceous 
and  Tertiary  aquifers.   Significant  concentrations  of  trace  elements,  par- 
ticularly selenium  and  boron,  were  found  in  many  of  the  ground-water  samples. 
Of  the  160  samples  analysed  for  selenium,  more  than  30  percent  had  concen- 
trations greater  than  10  micrograms  per  liter;  some  had  values  as  high  as  1,800 
micrograms  per  liter. 

The  aerial  reconnaissance  survey  indicated  that  the  previous  estimate  of 
200,000  acres  of  saline  seep  in  Montana  is  somewhat  low.  The  survey  showed 
that  there  were  considerably  more  affected  acres  in  northern  and  central 
Montana  than  formerly  thought,  and,  conversely,  that  southern  and  eastern 
Montana  contained  fewer  seep  acres. 

A  survey  of  100  algal  specimens  collected  from  selected  stream  and  reservoirs 
revealed  that  25  percent  of  the  water  samples  contained  potentially  toxic  blue- 
green  algae  that  could  be  responsible  for  some  of  the  reported  livestock  kills. 


INTRODUCTION 

The  widespread  occurrence  and  rapid  growth  of  saline  seep  on  or  adjacent 
to  cultivated  drylands  has  become  one  of  the  most  serious  conservation  problems 
in  the  Great  Plains  Region  (7) .  Dryland  salinity,  hardly  recognized  30  years 
ago,  has  now  taken  roughly  two  million  acres  out  of  production  in  the  plains 
region — Montana,  North  and  South  Dakota,  Alberta,  Saskatchewan,  and  Manitoba 
(13). 

Since  1969,  the  Montana  Bureau  of  Mines  and  Geology  in  cooperation  with 
numerous  local,  state,  and  federal  organizations  has  been  investigating  the 
saline-seep  problem.   The  Bureau  has  emphasized  and  examined  the  hydrological, 
geological,  and  water  quality  aspects  of  the  problem  (1,  9).   In  1974,  available 
analyses  of  water  collected  near  Fort  Benton  and  Sidney,  Montana;  Mott,  North 
Dakota;  and  Lethbridge,  Alberta,  strongly  suggested  that  in  addition  to  losing 
thousands  of  acres  of  valuable  farmland  to  saline  seeps,  mineralized  water  was 
rapidly  contaminating  nearby  reservoirs,  streams,  and  shallow  aquifers.   In 
some  cases,  the  water  was  more  saline  than  sea  water  (approximately  35,000 
parts  per  million  total  dissolved  solids)  and  was  unfit  for  domestic,  livestock, 
and  irrigation  use.  Reported  livestock  and  wildlife  kills  in  certain  areas 
were  possibly  related  to  salinity  problems. 

The  portion  of  Montana  affected  by  saline  seep  is  characterized  by 
relatively  thin  aquifers  of  alluvial  or  glacial  origin  underlain  by  thick, 
virtually  impervious  shale  formations.  These  shallow  aquifers  provide  water 
for  towns,  domestic  use,  livestock,  and  are  the  source  of  numerous  springs, 
streams,  and  ponds.   Because  ground  water  represents  a  valuable  resource  in 
this  part  of  Montana  and  economic  alternatives  to  this  water  supply  generally 
do  not  exist,  the  need  for  a  regional  assessment  of  the  saline-seep  problem  and 
related  water-quality  investigation  became  apparent.   As  a  result,  the  Montana 
Bureau  of  Mines  and  Geology,  in  cooperation  with  the  Water  Quality  Bureau, 
requested  funds  from  the  Old  West  Regional  Commission  to  conduct  the  investigation. 

METHOD  OF  STUDY 

Because  saline-seep  affects  domestic  water  supplies  and  because  additional 
field  personnel  and  analytical  laboratory  were  available,  a  substantial  portion 
of  the  program  was  subcontracted  to  the  Water  Quality  Bureau,  Montana  Department 


of  Health  and  Environmental  Sciences,  Helena.   The  42-county  study  area 
encompassing  about  118,000  square  miles  (75  million  acres)  was  divided  into 
two  general  work  areas  with  the  Montana  Bureau  of  Mines  and  Geology  investi- 
gating northern  and  central  Montana  and  the  Water  Quality  Bureau  covering 
the  southern  and  eastern  portion  of  the  state. 

Field  information  collected  at  each  site  included  location,  date  evaluated, 
owner  (if  known),  water  source  (stream,  well,  pond,  etc.),  water  flow  rate, 
brief  site  description,  specific  conductance,  temperature,  and  remarks.   In 
addition,  the  static  water  level,  total  depth,  land  surface  altitude,  and 
aquifer  were  also  noted  for  wells  and  land  surface  altitude  and  aquifer  were 
noted  for  springs.   If  a  sample  was  to  be  sent  to  the  lab,  4  containers  of 
water  were  commonly  collected — 1  liter  raw,  1  liter  filtered  (.45/J.),  250  ml 
filtered-acidified  (HNO-),  and  250  ml  filtered  and  preserved  (HgCl) .  Biological 
specimens  were  collected  in  accordance  with  instructions  outlined  by  Loren 
Bahls.  Areas  with  extensive  saline-seep  development  (primarily  cultivated 
areas)  were  given  maximum  sampling  effort,  consequently,  very  few  sites  were 
evaluated  in  the  mountains  or  foothills  located  within  the  study  area. 

The  samples  were  analyzed  by  Bureau  of  Mines  and  Geology,  Butte,  and 
Water  Quality  Bureau,  Helena,  utilizing  procedures  adopted  by  the  Environ- 
mental Protection  Agency  and  the  U.S.  Geological  Survey.  Most  of  the  samples 
were  analyzed  for  major  constituents  (calcium,  magnesium,  sodium,  potassium, 
iron,  manganese,  silica,  carbonate,  bicarbonate,  chloride,  sulfate,  and  fluoride); 
nutrients  (nitrate,  phosphate);  and  selected  trace  elements  (strontivim, 
lithium,  lead,  copper,  zinc,  nickel,  and  aluminum).  Many  of  the  ground-water 
samples  were  also  analyzed  for  arsenic,  boron,  mercury,  antimony,  beryllium, 
cadmium,  chromium,  silver,  selenium,  and  tin.   Measurements  for  pH  and  lab 
specific  conductance  and  calculations  for  dissolved  solids,  total  hardness, 
alkalinity,  and  sodium  absorption  ratio  were  made  for  each  sample.  All 
chemical  and  pertinent  field  data  was  computerized  foe  entry  into  state  and 
federal  data  systems. 


PROJECT  OBJECTIVES 

At  the  outset  of  the  investigation  two  specific  tasks  or  objectives  were 
envisioned:   (1)  collecting  and  analyzing  numerous  suriace-  and  ground-water 
samples;  and  (2)  conducting  a  general  water-quality  survey  utilizing  historical 
data  and  comparing  it  to  the  new  field  data.  As  the  program  progressed  during 
the  first  year  several  problems  arose,  and  the  following  modifications  and 
changes  were  implemented: 

a)  The  large  historical  ground-water  database  (roughly  3,000  analyses 
on  file  at  the  State  Board  of  Health)  collected  and  analyzed  from  1920  to 

1970  was  virtually  unusable  because  the  sample-site  locations  were  not  required 
or  requested  during  this  period.  This  reduced  the  usable  historical  data  file 
to  less  than  600  analyses,  few  of  which  were  located  in  seep-af fected  areas. 
As  a  result,  emphasis  was  shifted  to  implement  an  extensive,  region-wide 
specific  conductance  inventory  to  establish  current  baseline  salinity  levels. 
In  all,  over  2,800  wells,  streams,  springs,  and  reservoirs,  and  ponds,  were 
evaluated  in  the  field  (Table  1);  substantially  increasing  travel  and  personnel 
costs.   These  costs  were  offset  by  supplemental  funds  from  the  Department  of 
State  Lands  saline-seep  program,  and  by  reducing  the  niimber  of  complete  chemical 
analyses  (Task  1) . 

b)  Because  of  the  absence  of  an  extensive  historical  database,  emphasis 
was  placed  on  trying  to  establish  and  document  water  quality  trends  on  existing 
saline-seep  research  sites  (Fig.  2)  where  relatively  rapid  changes  in  water 
quality  could  be  anticipated  and  evaluated.   Specific  conductance  as  well  as 
water-level  measurements  were  taken  periodically  (3  to  8  times  per  year)  from 
each  test  hole  and  additional  water  quality  samples  were  collected  from  selected 
research  wells.   Supplemental  funds  for  analyses  and  site  monitoring  were 
obtained  from  the  Bureau  of  Mines  and  Geology  and  Department  of  State  Lands. 

c)  To  reduce  travel  time  of  field  crews  and  to  accurately  delineate 
significant  seep-af fected  areas,  an  aerial  reconnaissance  survey  was  conducted. 
Seep  areas  were  outlined  on  photo-index  sheets  (when  available)  and  on  county 
highway  maps;  they  were  later  transferred  to  base  maps.   The  aerial  reconnais- 
sance allowed  field  crews  to  concentrate  on  critical  areas  and  provided  the 
first  uniformly  documented  distribution  of  saline  areas  in  Montana. 


d)  Review  of  the  chemical  data  obtained  from  selected  ground-water 
samples  collected  during  the  first  year  revealed  the  presence  of  several  trace 
elements — notably  selenium,  boron,  tin,  and  aluminum — in  concentrations  greatly 
exceeding  recommended  limits.   As  a  result,  the  suite  of  trace  metals  was 
expanded,  increasing  analytical  costs  significantly.   Additional  funds  were 
obtained  from  the  Bureau  of  Mines  and  Geology  and  Department  of  State  Lands 

to  offset  the  increased  analytical  costs. 

e)  Preliminary  evaluation  of  several  ponds  indicated  that  in  addition  to 
the  high  concentrations  and  array  of  dissolved  constituents  and  nutrients 
that  are  known  to  be  present,  there  may  be  blue-green  algae  that  are  lethal 

to  livestock.  To  investigate  the  potential  toxic  species  of  algae,  a  small 
subcontract  was  given  to  Dr.  Loren  Bahls  who  examined  and  described  the  benthic 
algae  at  approximately  100  different  sites  in  the  project  area. 

With  the  implementation  of  these  changes  the  overall  project  objectives 
were  increased  from  two  to  five: 

1 .  To  compare  saline-seep  formation  at  selected  research  sites  with 
varying  agronomic,  geologic,  and  climatic  conditions. 

2.  To  assess  regional  extent  of  saline  areas  from  aerial  reconnaissance. 

3.  To  document  algal  species  present  in  selected  streams  and  reservoirs. 

4.  To  collect  and  analyze  numerous  water  samples  (Task  1  -  reduced 
somewhat) . 

5.  To  conduct  a  regional  water-quality  (specific  conductance)  survey 
(Task  2  -  greatly  expanded) . 

COMPARISON  OF  SALINE-SEEP  FORMATION  IN  GREAT  PLAINS  REGION 

Because  several  papers  that  discuss  the  cause,  formation,  and  development 
of  saline  seep  in  the  northern  Great  Plains  have  appeared  elsewhere  in  the 
literature  (1,  6,  8,  9,  10,  11,  12),  only  a  brief  summary  of  saline-seep 
formation  will  be  included  in  this  report. 

Saline  seeps — defined  as  recently  developed  saline  soils  in  non-irrigated 
areas  that  are  wet  some  or  all  of  the  time,  often  with  white  salt  crusts  and 


where  crops  or  grass  production  are  reduced  or  eliminated — are  caused  by  land- 
use  changes  that  allow  an  increased  amount  of  moisture  to  migrate  beneath  the 
root  zone,  thereby  disrupting  the  natural  plant-soil-moisture  regime.   The 
major  land-use  change  throughout  the  Great  Plains  Region  is  the  alternate 
crop-fallow  (summer  fallow)  farming  system.   Other  factors  that  help  aggravate 
.the  occurrence  and  spread  of  saline  seep  are: 

(1)  Soil,  subsoil,  and  underlying  geologic  formations  that  contain  a 
nearly  inexhaustible  supply  of  water-soluble  salts. 

(2)  A  climate  in  which  a  large  percentage  of  annual  precipitation  occurs 
during  the  spring  (April,  May,  and  early  June)  before  crops  can  utilize 
stored  moisture  effectively  and  before  evapo transpiration  is  significant. 

(3)  Numerous  poorly  drained  upland  "potholes"  (typical  of  glaciated 
terranes)  that  are  routinely  cultivated.  Once  the  shallow  clay  pan  at  the 
base  of  the  pothole  has  been  disturbed,  water  readily  enters  the  underlying 
substratum. 

(4)  A  virtually  impermeable  material  (shale  or  clay)  beneath  the  soil 
profile  that  effectively  impedes  the  downward  movement  of  water,  thus  forming 
a  "perched"  or  near-surface  body  of  water.  Such  a  condition  retards  or 
prevents  drainage. 

(5)  Development  of  a  local  ground-water  flow  system  that  allows  saline 
ground  water  to  migrate  from  upland  recharge  areas  toward  nearby  discharge 
(saline  seep)  areas. 

The  generalized  process  of  saline-seep  formation  is  shown  in  Figure  1 . 
The  process  starts  by  movement  of  water  beneath  the  root  zone  but  above  the 
shallow  impermeable  layers,  thereby  forming  a  local  ground-water  flow  system. 
The  flow  system  moves  saline  water  downslope  to  the  discharge  area  (seep),  where 
it  evaporates,  depositing  the  salt  on  the  surface. 

The  rocks  underlying  the  northern  and  eastern  parts  of  Montana  are  mostly 
shale,  siltstone,  and  sandstone  with  some  widespread  deposits  of  glacial  till. 
The  shale  and  till  contain  relatively  large  amounts  of  soluble  salts  that  can 
be  readily  dissolved  and  transported  by  soil  moisture  and  ground  water.   The 
salts  can  remain  in  solution  underground  or  can  be  precipitated  by  evaporation 
where  the  water  approaches  or  reaches  the  land  surface.  As  long  as  a  natural 
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Figure   1.      Generalized  diagram   illustrating   the   formation  of   saline  seep 


hydrologic  system  remains  in  equilibrium,  salt  deposition  tends  to  remain  low 
because  of  leaching  during  long  periods  of  normal  ground-water  movement  and 
because  of  the  relatively  small  volume  of  water  that  moves  through  the  salt- 
containing  zones.   Increased  water  movement  from  greater  recharge  upsets  the 
equilibrium  and  causes  additional  salt  to  be  dissolved  and  flushed. 

In  the  Fort  Union  Formation,  dense  shale  or  underclay  beneath  coal  seams 
impedes  downward  movement  of  water,  thus  forcing  the  water  to  move  laterally 
along  the  coal  seams  until  it  comes  to  the  surface  in  low  areas.  Alternate 
crop-fallow  (summer  fallow)  farming  system  tends  to  build  soil  and  subsoil 
moisture  to  the  point  where  moisture  is  not  completely  utilized  by  crops,  this 
increases  the  amount  of  water  that  reaches  the  land  surface  and  evaporates. 

During  the  period  1969  to  1975,  the  hydrogeology  of  25  research  sites  in 
12  counties  have  been  investigated  (Fig.  2) .   Over  550  test  holes  have  been 
drilled  and  logged,  water  samples  collected  from  selected  holes,  infiltration 
tests  conducted,  and  repeated  water-level  and  specific  conductance  measurements 
taken.  Evaluation  of  this  information  together  with  data  provided  by  other 
investigations  in  Montana,  the  Dakotas,  and  Canada  (1,  4,  6,  8,  11,  12)  provided 
a  framework  for  a  number  of  comparisons: 

1.  The  alternate  crop-fallow  (summer  fallow)  farming  system  has  been 
extensively  utilized  for  at  least  30  years  throughout  the  northern  Great 
Plains  thus,  providing  the  mechanism  for  regional  saline-seep  development, 

2.  The  formation  and  development  of  saline  seeps  are  the  result  of  local 
ground-water  flow  systems.  Distances  from  recharge  areas  to  discharge  (seep) 
areas  are  typically  less  than  2,500  feet. 

3.  The  concentration  of  water-soluble  salts  contained  in  the  soil 
profile  and  underlying  substratum  is  quite  variable  but  is  usually  high 
throughout  the  region.   Some  of  the  highest  salt  concentrations  appear  to  be 
in  northcentral  (triangle  area)  Montana. 

4.  The  chemical  composition  of  saline-seep  water  is  remarkably  uniform. 
During  the  evolution  of  a  typical  saline  seep,  the  ground-water  quality 
changes  from  calcium  bicarbonate  type  of  water  with  relatively  low  Total 
Dissolved  Solids  (1,500  to  3,000  milligrams  per  liter)  to  a  sodium-magnesium 
sulfate  type  of  water  with  high  Total  Dissolved  Solids  (4,000  to  60,000 
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milligrams  per  liter).   In  addition  to  the  high  Total  Dissolved  Solids  (IDS) 
saline-seep  water  commonly  contains  much  higher  concentrations  of  nitrates  and 
trace  metals  (1,  5,  6). 

5.  Because  of  the  low  chloride  concentration  in  saline-seep  water,  seep 
water  can  be  readily  distinguished  from  deep  subsurface  brines. 

6.  Intensive  cropping,  rotating  in  deep-rooted  perennial  crops,  such  as 
alfalfa,  has  been  effective  in  stabilizing  and,  in  some  cases,  reducing  the 
size  of  the  seep-af fected  area  (2,  3,  4,  8) .   A  five-year  stand  of  alfalfa 
planted  on  one  research  site  south  of  Fort  Benton  lowered  the  water  table  an 
average  of  8  feet  over  the  entire  site  and  a  10  to  15  percent  reduction  in 
ground-water  salinity  has  occurred. 

Based  on  available  data  gathered  from  site-specific  research  test  areas, 
it  appears  that  specific  conductance  (approximation  of  Total  Dissolved  Solids) 
coupled  with  scattered  chemical  analyses  provides  useful  and  effective  tools  to 
assess  the  effect  of  saline  seep  on  shallow  ground-water  resources  and  to 
establish  regional  water-quality  trends. 

REGIONAL  EXTENT  OF  SALINE-SEEP  DEVELOPMENT  IN  MONTANA 

In  the  late  40 's  and  early  50 's  a  few  scattered  saline  seeps  were  noted 
in  Montana  and  western  Canada.   Since  then,  areas  of  saline  seep  have  increased 
rapidly.   Recent  surveys  (13)  indicate  that  saline  seeps  have  taken  roughly 
200,000  acres  of  Montana's  dryland  from  agricultural  production  and  that  an 
area  of  roughly  2  million  acres  is  now  out  of  production  in  the  Great  Plains 
Region  (Montana,  North  and  South  Dakota,  Alberta,  Saskatchewan,  and  Manitoba) . 
The  general  distribution  of  areas  in  Montana  that  are  seriously  affected  by 
salinity  is  shown  on  Fig.  2;  the  map  is  based  on  an  aerial  and  field  recon- 
naissance survey  completed  in  1977.   Careful  evaluation  of  the  map  and  previous 
estimates  suggest  that  the  200,000  acre  figure  may  be  somewhat  low.   Seep- 
affected  areas  in  northern-  and  central  Montana  appear  to  be  considerably  greater 
than  previously  estimated  and  conversely,  in  southern  and  eastern  Montana  the 
seep-af fected  areas  appeared  to  be  less  than  previous  estimates. 
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An  example  illustrating  saline-seep  development  over  a  30- year  period 
(1941-1971)  in  a  4- square  mile  area  near  Fort  Benton,  Montana,  is  shown  in 
Fig.  4.   On  a  region-wide  basis,  the  acreage  of  saline  seep  appears  to  be 
expanding  at  an  average  rate  exceeding  10  percent  per  year.   The  rate  varies 
from  year  to  year  depending  upon  climate,  but  the  general  trend  is  toward 
"significant  increase.  Expansion  of  seep  areas  by  20  to  200  percent  in  wet 
years  is  not  uncommon,  whereas  expansion  of  only  a  few  percent  may  occur  in 
dry  years . 

Research  indicates  that  fallow  areas  can  undergo  a  water-table  rise  of  1 
to  15  feet  during  years  of  average  or  above-average  spring  precipitation.  The 
water  levels  gradually  decline  during  the  rest  of  the  year  but  normally  do  not 
reach  the  low  of  the  previous  year.  As  a  result,  excess  water  accumulates 
through  the  years,  causing  expansion  of  the  saline  seeps  during  each  succeeding 
wet  cycle.   Currently,  seep  development  is  especially  rapid  in  areas  where 
glacial  till  is  less  than  50  feet  thick.  Excess  water  is  probably  building 
up  also  in  extensive  areas  underlain  by  greater  thicknesses  of  till,  but  as 
yet  the  buildup  is  not  evident  at  the  surface. 

Geological  conditions  favoring  saline-seep  development  extend  over  vast 
areas  of  Montana,  the  Dakotas,  and  the  three  prairie  provinces  of  Canada. 
These  plains  are  the  major  grain-growing  regions  of  North  America,  and  the 
cropping  system  is  dominantly  an  alternate  crop-fallow  rotation  system.  As 
long  as  all  factors  contributing  to  salinization  continue,  the  situation  can 
only  worsen. 

ALGAL  SURVEY  OF  SELECTED  STREAMS  AND  RESERVOIRS 

As  previously  mentioned,  100  biological  specimens  were  collected  from 
scattered  streams  and  ponds  in  eastern  Montana  and  the  results  of  this  algal 
survey  are  discussed  in  detail  in  the  last  section  of  this  report.   Significant 
findings  specifically  related  to  the  saline-seep  problems  are: 

1.   Potentially  toxic  blue-green  algae  were  present  in  25  percent  of  the 
samples  analyzed  and  were  found  in  water  with  Total  Dissolved  Solids  varying 
from  368  to  23,819  milligrams  per  liter. 
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Figure  A .   Saline-seep  development  over 

a  30-year  period  on  a  4-square 
mile  area 'near  Ft.  Benton, 
Montana . 


12 


2.   Diatom  diversity  was  significant  and  was  related  inversely  to  specific 
conductance. 

WATER  QUALITY  AND  SPECIFIC  CONDUCTANCE  SURVEY  OF  THE  MONTANA  PLAINS 

Data  collected  to  fulfill  specific  Tasks  1  and  2  are  presented  in  the 
.following  section.   For  uniformity  of  presentation  and  to  better  show  the  dis- 
tribution of  sample  sites,  the  data  was  not  plotted  on  county  base  maps  but  on 
1x2  Army  Map  service  maps  with  a  scale  of  h   inch  equals  one  mile. 

Eighteen  1x2  maps,  each  covering  about  6,900  square  miles,  were  needed 
to  encompass  the  Montana  plains.   The  1x2  maps  are  arranged  in  this  section 
in  alphabetical  order  instead  of  geographical  order.  The  following  l°x  2 
maps  will  be  found  in  this  section:   Billings,  Bozeman,  Choteau,  Cut  Bank, 
Ekalaka,  Forsyth,  Glasgow,  Glendive,  Great  Falls,  Hardin,  Havre,  Jordan, 

Lewistown,  Miles  City,  Roundup,  Shelby,  White  Sulphur  Springs,  and  Wolf  Point. 

o   .0 
Each  1x2  map  is  subdivided  into  eight  30  minute  by  30  minute  page-sized 

sheets.   The  arrangement  of  the  sheets  is  shown  on  the  Location  Base  Map  sheet 

that  precedes  each  1x2  map  section. 

Each  site  evaluated  was  carefully  located  using  the  site  location  system 
(Township,  Range,  Section,  and  tract)  described  on  pages  21  and  22.   Hopefully 
many  of  these  sites  can  be  re-evaluated  in  the  future  to  document  changes  and 
to  quantify  water  quality  trends. 

The  several  types  of  symbols  used  on  the  specific  conductance  survey  maps 
refers  to  the  sample  source  (spring,  well,  pond,  etc.).   The  legend  for  these 
symbols  is  given  on  page  23.   Two  numbers  generally  accompany  each  symbol. 
The  number  in  parenthesis  is  the  map  reference  number.   This  number  is  repeated 
in  the  Specific  Conductivity  Inventory  section  where  additional  information 
about  the  site  may  be  found.   The  map  reference  number  also  will  be  found  in 
the  Chemical  Analyses  of  Selected  Waters  and  Trace  Elements  Analyses  sections 
if  a  water  sample  from  that  site  was  chemically  analysed.   The  other  number 
generally  included  with  each  symbol  is  the  specific  conductance  (corrected  to 
25  C)  of  water  from  that  site. 
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Specific  conductance  (SC)  is  a  measurement  of  the  waters  capacity  to 
conduct  an  electric  current.   Because  it  varies  directly  with  both  temperature 
and  the  overall  salinity  of  the  water,  all  values  are  converted  to  25  degrees 
Celsius  making  salinity  the  only  variable.   When  the  SC  is  measured  in  micromhos 
per  centimeter,  it  roughly  equals  the  Total  Dissolved  Solids  (TDS)  content  in 
milligrams  per  liter  (mg/1) .   The  general  relationships  between  SC  and  TDS  is 
illustrated  in  Fig.  5.   Note  that  when  TDS  is  less  than  8,000  mg/1  the  SC  is 
about  .8  to  .9  times  TDS,  they  are  about  equal  when  TDS  is  between  8,000  and 
12,000  mg/1,  and  when  the  TDS  is  greater  than  12,000  mg/1  the  SC  is  about  1.1 
to  3.0  times  TDS. 

Part  of  the  project  to  investigate  regional  aspects  of  water  quality 
necessitated  identification  of  water  source  by  aquifer.  This  was  to  help 
determine  if  water  from  some  aquifers  yielded  water  more  suitable  for  human 
and  livestock  consumption  and  also  to  see  if  water  quality  changed  regionally 
within  that  aquifer.   The  aquifer  code  is  thus  included  with  many  sample 
sites.   The  explanation  for  the  aquifer  code  will  be  found  on  pages  23  and  24. 

A  summary  of  the  regional  saline-seep  assessment  by  AMS  1x2   sheets 
is  tabulated  in  Table  1.  During  the  project  2,876  sites  were  evaluated  in 
the  field,  452  water  samples  were  collected  with  247  of  these  analysed  for 
trace  elements.  Of  the  2,800  plus  sites,  14  percent  had  SC  values  less  than 
500;  16  percent  between  500  and  1,000,  64  percent  between  1,000  and  10,000; 
and  6  percent  over  10,000  micromhos  per  centimeter.  Because  of  the  above- 
average  precipitation  during  the  2-year  period  of  the  project,  the  reported 
SC  values  obtained  from  all  the  surface-water  sites  (about  50%)  were  undoubtly 
low.  Conductivity  and  trace-metal  concentrations  were  considerably  higher  in 
wells  penetrating  the  glacial  and  Cretaceous  marine  aquifers  (northern  and 
central  Montana)  than  in  the  non-marine  late  Cretaceous  and  Tertiary  aquifers . 
Chemical  composition  of  ground  water  collected  in  glaciated  portions  of 
Montana  were  predominantly  the  sodium-magnesium  sulfate  type — similar  to  water 
collected  from  research  test  holes. 

Significant  concentrations  of  trace  elements  particularly  selenium  and 
boron,  were  found  in  many  of  the  ground-water  samples.   Of  the  160  samples 
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analysed  for  selenium  over  30  percent  had  concentrations  greater  than  10 
micrograms  per  liter  (^g/1) .   Analyses  of  water  collected  from  aquifers 
associated  with  the  Colorado  Shale,  which  is  known  to  be  selenif erous,  showed 
that  59  percent  of  the  water  samples  contained  more  than  the  10  mg/1  limit 
for  potable  water  set  by  U.S.  Public  Health  Service;  some  values  were  as  high 
*as  1,300  |ig/l.  Many  of  these  wells  are  being  used  for  domestic  or  stock 
watering  purposes. 

CONCLUSIONS 

Because  of  the  lack  of  a  detailed  historical  database,  it  is  difficult  to 
quantify  the  effects  of  saline-seep  development  on  the  surface  water  and  shallow 
ground-water  resources  of  the  area,  however,  presently  available  data  suggest 
that  significant  water-quality  deterioration  has  occurred  in  the  glaciated 
portion  of  Montana  where  dryland  farming  has  been  a  way-of-life  for  many 
years.   Several  other  areas  of  concern  are  in  Judith  Basin,  Fergus,  and  Still- 
water counties  where  saline  seep  is  spreading  rapidly.  Undoubtedly,  many 
other  areas  have  local  problems,  but  our  sampling  base  was  not  dense  enough 
to  delineate  them. 

Numerous  discussions  with  county  agents,  district  conservationist,  and 
rural  leaders  typically  support  the  above  statements,  and  probably  the  most 
convincing  statements  came  from  the  landowners.   Some  of  the  more  frequent 
statements  made  by  farmers  are: 

a)  "Our  well  or  wells  went  bad  and  we  have  been  hauling  water  for 
years" . 

b)  "Over  the  last  5  (to  20)  years  we  have  had  to  drill  2  (to  4)  wells, 
each  one  deeper  than  the  last  to  get  good  water". 

c)  "Three  (to  5)  years  ago  our  well  turned  bad  during  the  spring,  and 
each  year  we  have  to  haul  water  for  a  longer  period  of  time". 

d)  "All  the  wells  in  the  area  have  gone  bad,  that  is  why  we  hooked  up 
to  the  rural  water  distribution  system", 

e)  "During  the  last  5  (to  15)  years,  springs  have  appeared  in  several 
coulees  and  now  the  banks  are  sliding  into  the  draw" . 

f)  "The  cows  will  drink  from  the  reservoir  only  during  the  spring  of 
the  year". 
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g)   "My  reservoir  used  to  be  the  best  fishing  in  these  parts,  but  the  fish 
all  died  1  (to  10)  years  ago". 

h)   "I  don't  have  any  freshwater  left  on  my  place,  so  I  guess  I'll  sell 
all  my  cattle  and  plow-up  the  rest  of  my  pasture". 

i)   "Over  the  last  2  (to  10)  years  I  have  had  to  pump  out  by  basement 
each  spring,  and  it  seems  to  be  getting  worse". 

j)   "Last  year  my  shelter-belt  began  to  die". 

All  of  these  statements  and  many  more  imply  that  the  local  ground-water 
flow  system  is  out  of  equilibrium,  flushing  the  salts  out  of  the  profile, 
and  is  rapidly  contaminating  the  water  resources  of  the  area. 

RECOMMENDATIONS 

1.  Immediately  intensify  cropping  practices  over  the  entire  northern  plains 
region  to  hopefully  get  the  problem  stabilized. 

2.  Rotate  deep-rooted  legumes  such  as  alfalfa  into  the  cropping  system, 
particularly  on  recharge  areas. 

3.  Surface  drainage  of  upland,  freshwater  potholes  that  are  noramlly  cultivated 
should  be  encouraged.  Research  on  all  drainage  systems  particularly  subsurface 
drains,  should  be  initiated  to  determine  the  long-  and  short-term  benefits,  if 
any. 

4.  Maintain  an  active  and  comprehensive  monitoring  and  sampling  network  through- 
out the  region  to  use  for  forecasting  ground-water  conditions  in  a  given  area; 

to  quantify  long-  and  short-term  changes  in  water  quality;  and  to  evaluate  the 
effectiveness  of  various  cropping  systems  in  controlling  saline-seep  formation 
(demonstration-  and  research-site  programs) . 

5.  Initiate  research  on  the  distribution,  behavior,  and  potential  for  toxicity 
of  selected  trace  elements  in  ground  water  of  the  northern  Great  Plains — 
immediate  attention  should  be  given  to  selenium. 

6.  Maintain  and  add  water-quality  information  to  data-systems  to  document  and 
quantify  future  changes  and  trends .   A  follow-up  regional  inventory  in  5  to 

8  years  utilizing  many  of  the  wells  evaluated  in  the  present  study  would  be 
particularly  valuable  in  achieving  this  objective. 

7.  Encourage  and  promote  a  coordinated  research,  education,  and  extension 
program  to  hopefully  get  control  of  the  saline-seep  problem  in  the  shortest 
amount  of  time. 
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SITE  LOCATION  SYSTEM 


The  location  of  objects  In  Montana  (such  as  wells,  springs,  ponds, 
etc.)  is  referenced  to  the  legal  subdivisions  of  public  lands — that  is — 
by  Township,  Range,  Section,  and  Quarters  of  a  section.  Thus  a  site 
description  of  12  N  27E  designates  a  particular  township,  6  miles  on  a  side, 
that  lies  12  townships  north  of  the  Montana  Base  Line  and  27  townships  east 
of  the  Montana  Principal  Meridian. 
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Each  township  is  subdivided  into  36  sections  as  follows: 
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The  subdivision  of  a  particular  section  into  quarters,  however,  departs 
from  legal  usage  in  that  the  letters  A,  B,  C,  and  D  are  used  for  the  NE^t, 
VMh,   SW^s,  and  SEH;  respectively.  Additionally  the  quartering  of  a  section 
in  the  Site  Location  System  begins  with  the  largest  quarter  (the  160-acre 
tract)  then  proceeds  to  the  40-acre  tract,  the  10-acre  tract,  and  the  2i5* 
acre  tract.   If,  for  example,  a  well  site  is  described  as  L2N  27E  15  AfiCD,  the 
location  of  that  well  is  in  the  SE^t,  SWJs,  N0s  of  the  Mk,   Section  15,  Township 
12N,  Range  27E.   In  the  sequence  ABCD,  the  1st  letter  (A)  describes  the  NEi(, 
the  2nd  letter  (B)  calls  out  the  mh   of  the  HE>t,  the  3rd  letter  (C)  calls 
out  the  SWij  of  the  NW^  of  the  NEk,  and  the  4th  letter  (D)  calls  out  the  SE^t 
of  the  SVh   of  the  mh   of  the  NE^t. 

Each  section  is  subdivided  into  quarters  as  follows: 


raHg-7S>s/kBCD 


If  more  than  one  object  is  being  described  in  a  particular  2.5-acre 
tract,  sequence  numbers  1,  2,  3  .  .  .  etc.  are  given  to  those  objects  to 
distinqulsh  them.   Thus  12N  27E  15  ABCD2  refers  to  object  2  in  the  SYk  SVh 
Ymh   NE^i  section  15,  Township  12  North,  Range  27  East,  Montana. 


^c 


LEGEND   FOR   MAP  SYMBOLS 
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creek,  river,  stream 

V 

T 

ditch,  drain 
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lake,  pond,  marsh 
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Solid  symbols  indicate  that  a  chemical  analysis  is  available 


LEGEND  FOR  AQUIFER  CODE 
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UOTRRC 
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14   BILLINGS 


ChMnial  Aiwlyin 


Collect  ion 
Location  date 

E    Sac  Tract    Mo  Oav  Vr 


Satin 


Manga-  Bicar-       Car- 

naaa       Silica    donate     bonate  dtloride     Sulfate 
IMnI       ISiO,l    IHCO,l      ICO,)       lai  (30,1 


2  a3N  20E  33  08   1 7   76  Lake 

3  03N  20E  36  AA  04  21    76  Creek 

5  a3N21E33  0aA  OB   19  76  Lake 

6  03N2JE20DCD  08  19  76  Creek 
1 1   03N  24E  20  CA  06  2S  76  l>ond 


14  03N24E35aC 

04 

09 

76 

Creek 

107 

15  03N27E  19  CC 

04 

08 

76 

Oitctt 

455 

19  03N  286  31  SO 

04 

08 

76 

Creek 

329 

23  02N  1SE  23  BB 

11 

32 

Well 

24  a2N1SE23a8 

Well 

150 

2S  02N19E  13A0B 

ce 

16 

76 

Sean 

388 

26  02N  I9E  24  BA 

ce 

17 

76 

Pond 

483 

27  02N20E04CA 

11 

25 

60 

Wall 

10 

33  02N2OE29BB 

12 

56 

Wall 

340 

37  02N21E  11  00 

04 

21 

76 

Seep 

353 

38  02N21E23ODD 

08 

19 

76 

Lake 

50 

39  02N21EJ4BCC 

08 

18 

76 

Creek 

24^ 

40  02N216  27OB 

01 

30 

67 

Wall 

290 

41    02N21E27OB 

10 

26 

66 

Well 

370 

42  02N  2ie  31  AA 

04 

22 

76 

Cmak 

132 

43  07N21E31  BB8 

04 

22 

78 

Seep 

411 

44  02N21E  31  C8 

04 

22 

76 

Well 

152 

4S  02N21E  31  CO 

08 

19 

76 

Well 

56 

46  03N21E31  CO 

04 

22 

76 

Well 

431 

47  02N2tE34OB 

02 

OS 

SB 

Well 

31 

48  02N  22E  15  eCC  08   18   76  Creek 

49  02N  22E  19  ACO  08  20  76  Seep 
52  a2N  23E  21  AC  04  09  76  Ditcn 

55  02N  24E  02  CA  04  09  76  Pond 

56  02N  24E  08  BBBB  06  24  76  OitOi 


596 

3060 

18 

741 

2500 

13 

243 

1400 

21 

1B07 

2820 

29 

25J 

125 

11.4 

143 

570 

5.5 

1922 

4000 

23.4 

320 

1100 
880- 

12.5 

45 

3800* 

1S07 

5480 

15 

664 

770 

13 

2 

780' 

84 

400' 

427 

1130 

6 

235 

103S 

16 

285 

945 

12 

85 

10000 

40 

34 

9800 

25 

144 

338 

3.4 

906 

2750 

10 

33 

2400 

5.7 

20.3 

290 

5.4 

771 

1995 

4.8 

12 

630* 

1112 

2080 

24 

737 

1880 

41 

855 

2S00 

25 

1481 

2960 

24.3 

570 

7520 

252 

8250 

190 

3660 

430 

11800 

34.9 

279 

SO 

1540 

46 

18200 

36 

4020 

510 

17200 

208 

4840 

630 

13 

110 

1700 

260 

4250 

185 

2750 

150 

2880 

16000 

15000 

10 

45 

1180 

390 

9400 

27 

5150 

13 

420 

441 

6850 

450 

500 

8750 

73S 

7110 

515 

7250 

84 

13000 

209 

2180 

61   02N  24E  20  BBCB  06  24  76  Creek 

64  a2N  24E  32  C88  06  24  76  Creek 

65  02N  25E  07  CCC  06  25  76  Pond 

66  02N  2SE  19  CAe  06  24  76  Creek 
6B02N26E14  0B  06  25  76  Creek 


73  02N  27E  07  AA 

04 

08  76 

Seep 

368 

75  02N  27E  09  C8B 

10 

12  76 

Seep 

411 

77  02N  28E  31  08 

11 

45 

Well 

53 

83  01N21E02BC 

04 

22  76 

Seep 

281 

84  aiN2IE02BCa 

08 

19  76 

Seep 

297 

85  01N21E02CC 

04 

22  76 

Creek 

285 

88  01N21E  08  AA 

04 

22  76 

Seep 

385 

89  01N21E  10  AB 

04 

22  76 

Creek 

286 

91    0IN2IE12CCO 

08 

18   76 

Creek 

32.9 

93  01N21E24CC 

OS 

18  39 

Well 

6735 

9310 

506 

950 

31  i 

884 

164 

775 

3491 

9110 

20 

890' 

646 

1150 

468 

1000 

3aj 

50400 

66 

4400 

34J 

1480 

38 

2820 

!60 

29300 

57 

1800 

113 

4900 

r75 

3950 

Itif^rm  p«r  litar  (mg/ll  unttss  ottwnwiM  nstad 


1**  X  2"  ShMC 


Fkio-  Fi«id       wtdftc       OinoJwad      Toai  Total 

Nitran     rid*      Lab   Taino-  conductanct       lotMi        hardnvu      Alkalinity 
INI         (F)        pH      C^         (f<mho/cmt      (catc.)       at  CaCO,     m  CaCO, 


Collacting  daptfi     Aout^  alamama       Lab 
agancy       (ftJ         coda     anatyzad  numbar 


S.4 

21 

13370 

132S0 

28SO 

8.07 

17 

12000 

12870 

320 

8.9 

19 

6490 

9690 

1150 

8.0 

19 

12780 

16720 

7470 

7.48 

184 

1123 

668 

361 

8.33 

18 

3488 

3914 

887 

8.57 

17 

16000 

231  SO 

9080 

8.19 

30 

6787 

2140 

8.11 

23 

30390 

35300 

7120 

382 

8.1 

7210 

7144 

3930 

275 

8.7 

33 
1190 

779 
160 

7.88 

11 

8500 

3640 

279 

9J 

17 

5290 

4383 

1060 

210 

9.2 

22 

5519 

4273 

1340 

302 

7.90 

1070 

631 

7.8 

25740 

1080 

828 

8.01 

2940 

3261 

923 

346 

8.01 

US 

13600 

14390 

4750 

514 

7.28 

9 

9400 

8099 

516 

280 

.67    7J 

11 

1690 

1084 

222 

418 

7J8 

9 

12100 

11480 

4250 

798 

7.0 

127 

881 

.26    8.0 

21 

12990 

10720 

5510 

484 

.18    7J 

17 

10780 

9284 

4820 

306 

7J3 

18 

10700 

12010 

3490 

610 

9.43 

12 

13800 

18290 

7340 

328 

.15    7.9 

1SJ 

5250 

3808 

1150 

400 

.38    8.1 

15.8 

1614 

885 

576 

379 

.41    738 

138 

1929 

1102 

590 

354 

.83    8.9 

19J 

46150 

53280 

28700 

1030 

.39    8.08 

18.2 

7290 

6460 

3960 

292 

.56    7.36 

11.3 

3840 

308 

S06 

7J8 

IS 

5088 

1590 

302 

13 

13 

34150 

43T80 

15400 
315 

1080 
189 

732 

9.5 

8800 

7789 

3360 

400 

.33    8.0 

16 

6490 

8208 

3620 

360 

8.0 

8 

3098 

3S80 

1580 

306 

8.17 

8 

7303 

7770 

3410 

333 

8.07 

13 

3347 

3999 

1460 

307 

8.3 

30 

2293 

1421 

350 

649 

26.0 

WQB 

No 

7ewi879 

17.6 

woa 

No 

7ewoa87 

18.0 

was 

No 

76W1887 

13.2 

wos 

y— 

76W18B8 

3.4 

waa 

y- 

78Win4 

8.8 

WQB 

Ym 

78W0874 

18J 

was 

No 

78W0887 

10  J 

woa 

No 

78IW06aB 

Unknoom 

211FRNR 

No 

32NN003 

UnknoiMti 

211CLR0 

No 

0OMOO11 

38.3 

WQB 

Ym 

78Wie78 

SJ 

WQB 

No 

7eW1877 

UnkfKwm 

21tEGLE 

No 

eOM0002 

331MOSN 

No 

58M0010 

9.6 

WQB 

No 

78W0880 

13.9 

WQB 

Ym 

78W1888 

11.7 

WQB 

No 

78Wia83 

132 

Unknown 

211FRNR 

No 

67M0001 

131 

Unknown 

211FRNR 

No 

66M0028 

4.8 

WQB 

No 

78W0883 

17.4 

WQB 

No 

7eW0864 

*SJ> 

WQB 

No 

78W08a8 

83 

WQB 

No 

76W1890 

13  J 

WQB 

No 

76W086B 

Unknown 

211FRNR 

No 

SBMOOOJ 

12J 

WQB 

No 

78W1888 

12.2 

WQB 

Yn 

78W18a8 

18.4 

WQB 

No 

78wosas 

18.1 

WQB 

No 

78W0S6e 

lOS 

WQB 

Y« 

76W1318 

2J 

WQB 

Ym 

76W1215 

3.5 

WQB 

Vm 

76W1214 

23.9 

WQB 

Vm 

78W122B 

7.8 

WQB 

Ym 

78W1217 

21.5 

WQB 

Ym 

78W1219 

8.5 

WQB 

No 

78W066S 

31.9 

WQB 

Ym 

7BW3544 

Unknown 

320TSLP 

No 

48M0001 

8.8 

WQB 

No 

76W0882 

as 

WQB 

No 

78W1884 

3.6 

WQB 

No 

76W0861 

7.2 

WQB 

No 

76W0667 

3.9 

WQB 

No 

78W0668 

9.2 

WQB 

No 

76W1878 

Unknown 

317LKOT 

No 

39M0001 
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BILLINGS 
Chamnl  AiwIytH 


Mw  CoUKtion 

tml.             LoGiiion  date 

no        T     R    Sn  Tract  Mo  Day  Yr 

94  01N22E07CA  06   18   76 

96  atN22E  17  D  08   18  76 

96  OINnE  18  08   18   76 

91  Q1N  23E  03  OOO  06  24  76 

99  01N23Ea5QOO  06  24   76 

too  01N23E06BC  06  24  76 

101  01N23E06  00  06  24  76 

102  GIN  24E  15  DCA  06  24  76 

103  01N28E01  SAC  03  21    57 

104  01N28E01  BACC  03  25  57 


106  01S24E05CAC 

107  01  S24e  06  886 
lis  02S26E07OA 
116  02S29E  17  BC 

124  04S23E  02  ABA 

125  04S23EaeAA 

126  04S23EaeAA 

132  06S24E04AB 

133  0SS24E2SAB 

134  06S  ISE  04  80 

137  065  23E33CO 

138  0eS24E04  0O 

139  07S21E  lOOA 

140  07S22E07B8 

141  07S22E  16  CO 

142  07S22E26  0B 

146  08S20E  30DAAB 

147  0eS22E26OB 


Calcium 

Kum 

Sodium 

Sourca 

ICal 

IMgl 

INal 

Pond 

389 

2995 

7420 

Uka 

37.4 

348 

3424 

Laka 

352 

543 

5467 

Daak 

378 

539 

C«ali 

204 

177 

591 

Craak 

71 

84 

168 

Oaak 

100 

81 

160 

Craak 

190 

208 

414 

06  24 

76 

Craak 

118 

103 

442 

06  24 

76 

Cra«< 

275 

236 

498 

07   31 

41 

Wall 

1100* 

09  12 

44 

Wall 

600 

150 

410- 

11    23 

60 

Wall 

21 

6 

8«0' 

03  25 

57 

Wall 

750* 

03  25 

57 

Wall 

680 

230 

46- 

10  31 

76 

Craak 

*es 

30.1 

57 

10  31 

76 

Ciaak 

58 

28.1 

20 

10  02 

44 

Wall 

560 

ISO 

77- 

10  31 

76 

RiMr 

128 

41.5 

63 

03  31 

60 

Wall 

260 

39 

1.7 

10  31 

76 

CraM 

57 

13^ 

.7 

08  08 

51 

Wall 

440 

86 

110* 

10  31 

76 

Craak 

32.7 

14J 

97 

06  06 

76 

Canal 

15.8 

4^ 

3J 

09  02 

76 

Wall 

11.4 

2.49 

1.8 

10  31 

76 

Rlwar 

53 

15.5 

19 

Silica    bonata  bonaia  Chlorida  Sulfata 

ISiO^I   I  HOC,)  ICOjl        ICII  ISO.I 

77  108    1800  23860 

833  146     648  6888 

427  1620  12S00 

468  62  2140 

396  126  1960 


45.1 

1900 

44 

1800 

52 

1800 

83 

1240 

70 

2346 

435 

620 


Nott     AH  chemtcil  dais  are  givvn  in  mtlligrw"*  P*'^  1*^*^  img/l)  unlm  othtrwnw  «n«d 
*  VatuM  reportad  as  aodium  plut  potassium 


1°x2°ShMt  (Can'O 

of  SdMtMi  WatMi  (Con'U 


IMd 

Fluo- 

FiM 

SQMlfiC 

OinalvM 

ToMl 

»(. 

Nitran 

ridt 

L«> 

Tttno, 

conductanot 

KM  ids 

hatdfMi 

no. 

(Nl 

IF) 

bm 

C° 

(umho/cfnl 

IdleJ 

nOCO: 

94 

<.1 

9.4 

16 

28270 

3S320 

13300 

9S 

<.1 

9.1 

19 

12780 

11910 

1520 

9« 

<.I 

73 

17 

18560 

20710 

3110 

98 

19.4 

.27 

7.75 

12 

4507 

3375 

1560 

99 

.78 

.16 

7a 

13.2 

4247 

3254 

1240 

100 

1.8 

.53 

8.2 

I2J 

1627 

1020 

520 

101 

6.5 

.95 

8.15 

11 

1738 

1036 

585 

102 

.39 

.43 

8.05 

215 

3828 

2897 

1340 

103 

7.4 

1360 

104 

ia 

1920 

106 

1.9 

.64 

8J 

113 

3052 

2171 

720 

107 

23 

31 

8.1 

11 

4288 

3541 

1660 
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Tsnl         Sodium  V»»H  Traca 

hardnfltl      aJkalinitv     adsorption      Collactin^   daotti     Aquiftr  slwiwntl        Lab 
ZOj         mio  S9»ncv       (ft.)        eoM    analvnd  numbar 


.117  <.1      7.01 
.33        .18    8.2 


28X) 

WQB 

Yts 

79WI880 

312 

woe 

Yti 

7aWI882 

42.6 

WQB 

Vs. 

7aiwia8i 

S3 

was 

Y«s 

7ai«l213 

7.3 

vyoa 

Y« 

7aM1212 

3J 

VWQB 

Yss 

78W1211 

23 

was 

Y.. 

76W1210 

43 

WQB 

Yss 

78IW1218 

Unknown 

331MOSN 

No 

57M0006 

UnknoMn 

337MSNC 

No 

57Ma007 

7J 

WQB 

Yn 

7eW1208 

5J 

WQB 

Yts 

lOMMOa 

Unlinowin 

217LKOT 

Ho 

4iMaaoi 

Unknowm 

331IMOSN 

No 

44M0004 

Unknown 

217LKOT 

No 

aoMOOoe 

211FRNR 

No 

57M0004 

Unknoiran 

331MO$N 

No 

S7M0012 

WQB 

No 

78W2660 

03 

WQB 

No 

76W2659 

Unknown 

331MOSN 

No 

44M00a6 

U 

WQB 

No 

76W26B8 

Unknown 

No 

30M0009 

2.4 

WQB 

No 

76W2655 

Unknown 

320TSLP 

No 

51M0002 

3.6 

WQB 

No 

78W2656 

0.2 

WQB 

No 

76W1027 

0.1 

USFS 

Yss 

78M0g32 

03 

was 

No 

7«W26S7 

I  isss  sSsss  SS5S8  SSS55  sssg 
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lig  «>  =  :«?!  SSSS8  S3SS8  SSS85  S8S« 


LOCATION    BASE   MAP 


4 

3 

2 

1 

5 

6 

7 

8 

BOZEMAN   1°    X  2°    SHEET 


I10°30'    RiO£ 


SPECIFIC    CONDUCTANCE    SURVEY 
RME  RI2E 


46°oo'  |7  ~  5DCTH1#-.-  - 


RI3E  IIO°00' 


t3n;      .  y^    /V  ,        ;      '/crazy wouNTA/NS-     '"■''•^%7't*  ,Ou/      ^^^<^-iI  -^ 


^■"7  >:^_^  jrW.-Ms-.^:^^-'^:::: 


T-Nl/r^^"-;^       _  '^^r 


Tl  S 


T2  S 


T3   S 


ElfPHANIHEAD  MOUNTAIN   'WM  Sou'dei 
RiK«  ^  '  fiimtt  St 

MOUNT,       f<'-^'t.Jil 


Much',  f*^     r 
MlC^i  jf. 

'/J      -..P.. 


Va       .    :  £Nos    I    ' 

MOUNfMN  1 


45°30 


men  rfree  a(Qont> 


iicso' 


P  250,000 

10    MILES 


IIO^OO' 


45°  30 


10  KILOMETERS 


CONTOUR     INTERVAL    100    FT 


H  I  °oo    R  6  e: 
4r."oo 


SPECIFIC    CONDUCTANCE    SURVEY 
R  7  E  R  8  E 


T  3  N 


T  2   N 


GALLATIN  iNATIONAL/FOREST 


45°30 
I0°30' 


L_J I L. 


10  KILOMETER 


CONTOUR    INTERVAL    100  IT 


1 1 1  °  30     R  2  £ 
46°00' 


SPECIFIC    CONDUCTANCE     SURVEY 
R  3  E  R  4  E 


46°  00' 


T3  S 


45°30' 

lll°30 


1:250,000 


I I I I L. 


10  KILOMETERS 


CONTOUR     INTERVAL    100  FT 


112  °00'        R3W 
46°00'   '  ~        . 


SPECIFIC     CONDUCTANCE    SURVEY 
R  2  W  R  I  W 


■OZCMAN   4 


T  2  N 


45'»30' 


I- 250,000 


1 1 1  o  30' 


'     '     ' 


10   KILOMCTERS 


CONTOUR    INTERVAL    lOO  FT 


II2°00        R  3  W 
45  030' II 


T4S- 


■l.illii  /..Ml- 

^X«0  P€Mf. 


itAMSHOitN^      ^so6th  ialdy  mountain 
MOUNT ainO        -^1  ^ 


SPECIFIC     CONDUCTANCE     SURVEY 
R  2  W  R  I  W 

■^  . 

Sooth  Mfjdow  Crek  Rangu  snn 


R  I  £ 


T  j  /      Chifry  CiMli  I 


T6  S 


T7S 


T8  S 


T9  S 


J^       BEAVERHEAb- T^ATIONAL-FOREST 


.i>^^ 
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45°00'  i 

Il2°00' 


Vitilkntt  &ia 
'!ftaniw  HiMOMrttn     I 
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T5  S 


T6  S 


R  5  E 


II  i<'00' 
49°  30' 


T7  S 


T8  S 


Ml°30' 


h  250,000 
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1 1 1 °00 


45°00 
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10  KILOMETCMt 


CONTOUR      INTERVAL     100    FT 
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10    aOZEMAN 


CollKtion  mmni  Pat>»  M>ng>-                Bear-  Car- 

dBM  OlcHjm    uum       Sodium  ttum  iron       n«H       Sittca    bonan  botiau  CMon«i     SuHaM 

no.       T     R    Sac  Tract    Mo  Day   Yr    Sauna  (Cal        (Mo)         INal  IKI  (Fal       IMnI      (SiO,l   IHCO^  (CO^       ICU           (SQ,I 

2a7N02E30BAD     11    OS    76     Riw  20.6         S.3           28  4.5  122  17             tC 

3  a2N02E28OCC     11    OS    76      Craak  51           1S.5           5<  9J  306  21             U 

13  01N14e07AB        11     18    75      Oitch  67           1«.1            72  2.5  317  6               •            94 

14  01N  13E  36DAO     10    27    76     RMr  28.9       11.6           20  4.6  152  »A         31 
18  03N10E24              06    08    77      Ciaak  73            .6               .9  J  .02     <.01       4.4          27  .4           2.7 

Now:  All  chamcal  data  art  givan  m  milti«f*fm  par  lilar  1mg/ll  unlaaa  othanmaa  ttatad 
*  Valuat  raoonad  at  lodiufTi  plus  potaaium 


BOZEMAN       11 
1°  X  2°  ShMt 

of  SalMOd  Watn* 

Ub 

Sodium  Wtll  Trac* 

aosorption  Collacfing  daplh     Aquifar  •lamvnn       Lab 

ratio            aqancv  (ft.)          cotM    analyzid   numbar 

1.4         VVQB  no        78W26a7 

1.7         was  no        7SW26e6 

2.1          was  no        7SW2284 

0.6         WOB  no       7eW2»W 

0.1          USFS  no        7«M1971 


*o 

Fluo- 

FieW        soacific 

Oisxolvad 

Total 

Total 

»f.    Nitiata 

ruM     Lab 

Tamp.  coniSuctanoa 

•olidi 

nardnats 

alkalinity 

no.      INI 

IF)         pH 

c"        ttlmho/cm) 

talcl 

11  CaCO, 

aaCaCO, 

2       .01 

3.0 

273 

150 

73 

100 

3      S 

a.2 

593 

33S 

19S 

2S0 

13      .23 

g.4« 

804 

580 

22S 

270 

LOCATION    BASE   MA? 


4 

3 

2 

1 

5 

6  V 

7 

8 

CHOTEAU   1°    X  2°    SHEET 


SPECIFIC     CONDUCTANCE    SURVEY 
R5 W  R5  W 


|{52)i48X)   .A    ':     I      ■ 


II2°00' 


T2I  N 


47°30 


II2°30' 


1:250,000 


liZ^OO 


47,030' 


lOKIUOMETCNS 


CONTOUR  INTERVAL  100  FT 


II3°00' 


SPECIFIC    CONDUCTANCE    SURVEY 

RIO  W  R  9  W 


II3°00 


1:250.000 


112°  30' 


10  KILOM    TCKS 


CONTOUR  INTERVAL  100  F" 


48°00 


il3°30'      RI5W 

7T 


SPECIFIC      CONDUCTANCE     SURVEY 

SI4W  Rl3W  RI2W 


CHOTEAU  3 


R 1 1  W     1 1 3  °  00' 

48"'00' 


T25  N 


T24N 


T23N 


T22N 


T  21  N 


4  7°30' 


II3°30 


1:250.000 


4  7°  30' 


I13°00' 


10  KILOMETERS 


CONTOUR  INTERVAL  100  FT 


SPECIFIC    CONDUCTANCE    SURVEY 

RiSW  R    7W 


48°00' 


T2I  N 


47  o  30 ' 


114  =  00' 


1:250,000 


47°  30 


II3°30 


10  KILOMETERS 


CONTOUR   INTERVAL  100  FT 


114  °00' 


SPECIFIC     CONDUCTANCE     SURVEY 

R18  W  R  17  W 


RI6  W 


CHOTEAU    i 

113  °30' 


Ti5  N 


4  700  0' 

1 14°  00' 


47<'30 


1:250,000 


113  °30 


47°00' 


lOKILOMETCM 


CONTOUR   INTERVAL  100  PI 


113°  30' 


SPECIFIC    CONDUCTANCE    SURVEY 

Ri4  W  R  13  W 


CMOTCAU  6 

Il3°00' 


47°30 


T20N 


TI9  N 


47°30' 


47°00' 


1I3°30' 


1:250,000 


II3°00 


10  KILOMCTCKS 


CONTOUR   INTERVAL  100  FT 


113  °00' 
47°30 


T20N 


SPECIFIC   CONDUCTANCE    SURVEY 

R  lO  W  R   9    W 


R  8  W 
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TI8N      ■• 


Ti5  N 


47000' 


IIS^OO 


47<^0' 


1:250,000 


iia^jo' 


lOKILOMCrCRS 


CONTOUR  INTERVAL  100  FT 


1I2°30'     R  7  W 
47°30' 


T20N 


SPECIFIC    CONDUCTANCE    SURVEY 
R  6  W  R  5  W 


CMOTEAU  ■ 


TI9N 


TI8N 
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T  I6N 


Tl5  N 


47000' 


112030' 


1:250,000 


10  KILOMETENS 


CONTOUR  INTERVAL  100  FT 
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12      CHOTEAU 


□lamial  AnilytM 


Collvction 
Location  d«t«  Catciuni 

R    Sac  Tract     Mo  Day   Yr    Souica     (Cil 


Manga-  Bicar*       Car-     Chtorida 

Iron       naia       Silica    bonata    bonata  Chlorida    Sulfata 
IFal       (Mnl      15X3,1   IHCO,!    ICO,)       lOI  (SO,l 


13   18Na6W  II  CA        06  06  76  Craak 

18   ISNOaWOSAA        04  06  76  Ciaak 

22   igN  asm  07  CS        at  06  76  Softng 

44  2SN08M30OBD     01  18  77  Wall 

51    2SN  (XW  24  COOO  01  17  77  Wail 


56  2SN04M12  0AOO  10  13  76 

57  24N  04W  08  CSS  01  18  77 
64  18N0eW03CB  11  20  75 
68  24N  law  03  06  20  77 
60  2SN171W31               06  20  77 


Wall 


57 

26J 

250 

3.3 

196 

38.8 

ISO 

27 

68J 

21 

3.2 

i   <.01 

<.01 

22i 

47 

13.9 

.6  <.01 

<ja\ 

30 

32.6 

144 

2.2        .88 

.21 

323 

89 

31.9 

1.0  <.01 

<.01 

61 

54 

85 

4.8 

36.4 

6.7 

.7 

1.0  <jn 

<J>^ 

36 

7J 

.6 

.3       .0* 

<j>t 

17 

14.7 

3.4 

46.3 

56.4 

84J 

24j» 

S3 

70  36N  04IW  36  OCDB  01     17    77     W*ll 


Not*:   Allctwmical  ctott  art  9tv9n  in  miUigrMm  par  litar  img/\)  untta  otharwtM  ttattd 
"  VakMt  npcMiM  m  lodHim  piut  potaMium 


of  Sa««etMl  W«un 


Fluo-  Fitta  lOKlfiC  OinaKM 

Nitma     rtdt     Lib  Temp,  conducnnca  solids 

INI         IF)      pH  C°  (|MI>o/anl  laleJ 

9-a                    8.t  18  1102 

8.74  8  1487  1164 

41                  73  12  1948 

.MS        .3     7.9  13  474  2SS 

2«           .6     8.17  13  482  278 


10O2 
364 

1079 
222 


5S 

<.oa       s 

7.74 

57 

2.35           .4 

SM 

64 

13 

7.69 

SB 

.06      <.t 

a.23 

68 

J80    <.1 

8J4 

Tom  Toal  Sodium  w«|  Tiwa 

■rdiMS     allulinitv    ttaonMon     CoilMting  dwOi     AquifM-  tlMiwmt       Lab 
iCWX),    xOCO,        ratio  agHicv       (ttj         cod*    aralynd  numMr 


231 

382 

447 

408 

374 

300 

WQB 

no 

76Wa681 

WOE 

no 

76«W)B64 

WQB 

no 

7eiwoaBO 

MBIMG 

20 

110TBRC 

VM 

76Mle3S 

M8MG 
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110TRRC 

YM 

76M1821 

U8MG 

82 

1120TSH 

V« 

76M1344 

M8MG 

ISO 

211CLR0 

im 

78Mt822 

woa 

no 

7SMr32flB 

USFS 

no 

78Mt943 

USFS 

no 

78M1941 

13  MSMG      107      1120TSH      vm       78M181* 
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LOCATION    BASE   MAP 


CUT  BANK    1°    X  2°    SHEET 


SPECIFIC    CONDUCTANCE    SURVEY 


112  °30' 


DotKoKs 


^^fuNITED  STATES  7  Rinch  MbTr^A**-"^ 


STATES ; 


T35  N 


fn3ff§6A™3:^. 


R3W        II2°00' 
49' 


H9    V  T       Mrt'Df 


(14,    :/.(i3v-:_a.-'-:S_j.,?ri^.  A>-5iin^^''''^'5^^ 


00 


(I4r 

(149)14^^ 

^„„  ^  ■  ^520 
(23)2I2(U^  (")5fe- 
,{22)8060 


wefts         \-^  \ 

fOJi  r(- 

nil  nail !^f"i^-iw\t^ 


ptho*« 


-.43i2*y 


■  fs:^??''' 


•rills'l 


V         Ranch ^ 
■   ^        Oil  wells  r        (173)' At- -^     ■^ 


'  4(65r 


,   aa™!l_(fe6)te7K68) 

,_    , --,-,.^  bi,7.tm(7D)- 


OH-welly^^ 


/R»nchl- 


48°30 

112  °30 


(?:=^- 


1,  •■'!- 


BIdgJ  ---.->,— 5»nch; 


rj6£6j     •Rancn 


.Afl64^>99g- 


L J 


48"  30' 


112  °00' 


1:250,000 

10  MILES 


CONTOUR  INTERVAL  100    FT 


SPECIFIC    CONDUCTANCE    SURVEY 


T32N 


48°30 


1 12°  30 


I     I     I     I 


10  KILOMCTERS 


CONTOUR    INTERVAL  100  FT 
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Chamiol  AnatytM 


Collect  lOo 
Location  date  Calcium 

R    SacTfact    Mo  Oay  Yr      Source       (Cal 


01 

21   49 

Wall 

10 

19  65 

Wall 

10 

18  es 

Wall 

10 

19  88 

Wall 

10 

18  65 

Wall 

1  37N  OSW  10  DC 

2  37N  06W  07  AO 

4  37NaSW  1S0A 

5  37N  OSW  19  DA 

6  37N06W26CB 


7  37N05W29OO  10  19  65  Wall 

g37N0SW3SCO  10  15  65  Wall 

9  36N0SW04AB  10  IS  65  Wall 

to  3eiM05WO4OB  02   14  40  Wall 

11    36N06W09BC  12  02  76  Wall 


13  36N06W12AC 

14  36N0GW03OA 

1 5  36N  OSW  01  DC 

1 6  36N  OSW  1 2  DC 

17  3eN0SW13AA 


03   18  47 

02  23  33 

03  tS  54 
06  21  54 
06  21   54 


Potaf- 

Man<a- 

Bicar- 

Car- 

Sodium 

sium 

Iron 

naaa 

Silica    bonata 

bonata 

Chloride  Sulfate 

INal 

IKI 

IFal 

IMn) 

(SiO,)  IHCOjl 

(CO,) 

la)      ISO4I 

543- 

799 

18 

48              641 

450* 

610 

68 

38              388 

44  1130' 


5.2  .88        .18         7.7 


2S2S       298       1782 


1165 
200 
1960 

2200 


18  36N  OSW  14  BO        10  34  64  Wall 

19  36N  OSW  14  AC        09  24  65  Wall 

24  34N06W20BB         10  08  65  Wall 

25  36N  OSW  33  CBBC    12  02  76  Wall 
27   35N06W04AA        09  12  33  Wall 


3.30 
6.3         1.19        .43         9.2 


28  3SN06W02AA        10  01   85  Wall 

29  36N0eW01  CC        07  18   33  Wall 

30  3SN0SW12CC  10  24  64  Wall 
33  3SN  OSW  06  0000  12  03  76  Wall 
35   3SN  OSW  07  BB         10  23  64  Wall 


37 

35N0SW  15  DC 

10 

22 

64 

Wall 

38 

35N  OSW  22  C8 

07 

22 

60 

Well 

40 

3SN  OSW  20  BB 

09 

28 

65 

Well 

41 

35N  oew  23  CD 

10  09 

65 

Wall 

42 

35Na6W14CB 

03 

30 

34 

Wall 

43 

35N0eW  15  80 

OS 

12 

33 

Wall 

44 

3SN0eW31  CS 

10 

22 

65 

Wall 

46 

36N  08W  26  CO 

09 

16 

33 

Wall 

48 

3SN  06W  34  AB 

09 

30 

85 

Wall 

49 

34NaSW03  88 

10 

22 

64 

Wall 

SO 

34N  OSW  03  CC 

to 

16 

65 

Well 

S3 

32N06WI1  DO 

10 

IS 

65 

Well 

S4 

34N  08W  1 1  BA 

03 

14 

33 

Well 

55 

34N06W12CC 

10 

14 

65 

Well 

56 

34N08W  14  BC 

10  OS 

65 

Well 

57 

34N06W  14  OD 

10 

OS 

66 

Well 

58 

34N  oew  24  DA 

11 

07 

32 

Well 

59 

34N  OSW  20  BB 

10 

08 

65 

Well 

61 

34N  OSW  29  DA 

10 

20 

64 

Well 

62 

34N06W35DC 

10 

23 

66 

Well 

439' 
422- 
1020- 
980' 


1.7  M     <.01  6.6 


1.32 
2J4 
6.40 


nilligrarm  par  liter  (mg/O  unlets  otherwne  stated 


1     X  2    SIMM 

a(S«toctMiWaMra 
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t  Fluo-  Fittd       toKilK        Oimot'Ma      Total  Total         Sodium  Wall  Traca 

NItrata     rida     Lab   Tatnp.  conductanca       tolkte        hardnau     alkaltnity    adMrption     Collacting   daoth     Aouifar  •lamanti       Lad 
(Nl         (F)        pH       C        Uniho/cni)        IcalcJ       as  CaCO^     aaCaCO«         ratio  agancv        1ft.)         coda     analvzad   numoar 


1800 
2700 
3S0O 


USGS  142      211VRGL  No  *9M0001 

USGS  211TIM0C  Ha  6BM0029 

USGS  133      211VR0L  No  66M00IS 

USGS  21ITMOC  No  S6M002S 

uses  172      211VRGL  No  SMOOig 


9         520     1.3 
10 
1 1      <.023       .7 


4000 

5153 


.047     1.7      8.35 


USGS 

21 1TM0C 

No 

6BM0027 

USGS 

IBS 

211VRGL 

No 

6SM0018 

USGS 

211TM0C 

No 

e6M0022 

USGS 

211TMOC 

No 

40M0aO1 

19.8           MBMG 

130 

211TM0C 

Yaa 

76M14SB 

USGS 

No 

47Ma012 

USGS 

211VLCC 

No 

33M0004 

USGS 

47S 

211VRGL 

No 

S4Maoa6 

USGS 

407 

211VRGL 

No 

54M004 

USGS 

520 

211VRGL 

No 

S4M0003 

USGS 

211TM0C 

No 

84M0009 

uses 

450 

211VRGL 
211VRGL 

No 
No 

g8Moai7 

2J           MBMG 

130 

211TM0C 

Yai 

76M1454 

USGS 

280 

211VRGL 

No 

33MOa01 

USGS 

211TM0C 

No 

8eM002S 

uses 

75 

211TM0C 

No 

33M00O2 

USGS 

211VLCC 

No 

S4Ma010 

72.0          MBMG 

160 

211TM0C 

Yai 

76M14S3 

USGS 

38B 

211VRGL 

No 

84M0007 

USGS 

280 

2iivu;c 

No 

S4M0011 

USGS 

326 

211RGLC 

No 

S0M0001 

USGS 

327 

211VRGL 

No 

eSM0014 

USGS 

211VLCC 

No 

aBM0032 

USGS 

211VLCC 

No 

J4M0002 

USGS 

211VLCC 

No 

33M0003 

USGS 

575 

211VLCC 

No 

e5M0038 

USGS 

211VLCC 

No 

33M0OCS 

USGS 

101 

211VRGL 

No 

6BM0015 

USGS 

72 

211VRGL 

No 

84M0004 

USGS 

201 

211VRGL 

No 

eSM00t3 

USGS 

185 

211VRGL 

No 

8BM0020 

USGS 

211TM0C 

No 

33M00C8 

USGS 

211TM0C 

No 

66M0033 

USGS 

211TM0C 

No 

G6M0024 

USGS 

202 

211VRGL 

No 

SBM0010 

USGS 

230 

211VRGL 

No 

32M0001 

USGS 

124 

No 

6BM0037 

USGS 

160 

211VRGL 

No 

S4M0006 

use; 

137 

211VLCC 

No 

esMoooe 
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CUT  BANK 
QMmiCii  AiMtym 


Collection 

Locaiion  dite  Calciu 

T      n    Sk  Tract    Mo  On  Vr  Sotira       (Cll 

34N  07W  06  ABAA    04    1 3    76  W«ll  94 

]3Naewa3oc      10  24  64  wxi  107 

33N0eM17AA       03   19  49  Wtll  316 

33N06M12AA        08  26  64  Will  90 

33N06IWI2AA        06  03  64  Wall  101 


Biar-       Car-     Chlorida 
Silica    bonata     Donata  Chlorida     SuHata 
ISiO,!   IHCO,l     ICO,l       (ai  ISO.) 


S49 

1220 
1510 


73 


33N  oew  1 2  A  A 
33N  OON  1 2  AA 
33N  OOW  02  CA 
33N  08IW  10  88 
33N  OaW  1 1  8D 


09  01  65  Wall 
01  29  59  Wall 
01  29  59  Wall 
08  24  36  Wall 

10  23  66  Wall 


74  33N0SW218B  10  26  64  Wall 

.75  33N05W21OA  10  12  64  Wall 

76  33N  06W  25  CB  05  21    36  Wall 

77  32N0ewaiAC  03   17   37  Wall 

78  32N05W10OB  OS  26  34  Wall 


81      31N08W34CCC  12  07  76  Wall              ^1 

84     30N04wa6COB8  12  06  76  Wall  230 

86     XN04W10ABBB  12  06  76  Wall  53 

89     30N04IN  17  AAAA  12  08  76  Wail  72 

96A  2SN  03W  1 7  AABB  04   14  76  Wall  474 

963  28N03W  17  ABDB  04  14  76  Wall  141 

97     29N04Wa8CC0  12  07  76  Wall  145 

110     28NQ6W22CA  12  07   76  Sonnf  306 

114     28N0fllN03C  12  07   76  Wall  11J 

136     27Na8W13CD0  01    18  77  Wall              .7 


xja 

249 

3J 

1.31 

.06 

9.2 

451 

68J 

82S 

8 

1.10 

.03 

9J 

1140 

3470 

4720 

46 

.22 

J30 

\0£ 

1039 

132 

190 

6 

.04 

.01 

2.0 

183 

76.4 

1280 

7 

.13 

.03 

9.4 

948 

172 

230 

5.6 

.09 

.01 

10.7 

511 

119  27N  OOW  34  OCBC  01    18  77  Wall  1.4 

142  2eN06W13CSBS   01    17  77  Wall  70 

149  36N0eW13AO        12  04  76  Wall  8 

180  37N04W02  0OC     12  02  76  Wall  62.5 

161  37N03W30ACC      12  03  76  Wall  82.4 


152  37N  03IW  21  ACS 

153  37N03W21  08 

154  37Na4W27CS 

165  36N04W14AB 

166  38N  04W  1 4  AA 


12  03  76  Wall 

10  20  65  Wall 

10  22  6S  Wall 

02   10  54  Wall 

09  08  54  Wall 


43.2 


157  36N04W14AC 

168  36N03W19CAA 

199  36N04W14AC 

180  36N  04W  22  DC 

161  36N04W3SAB 


06  30  65  Wall 

10  21  65  Wall 

06  30  65  Wall 

10  20  65  Wall 

09  24  85  Wall 


32 


162  3SN04W1100        10  22  66  Wall  S4 

163  33N04W31  BD        09  23  6S  Wall  12 

164  32N04W28AB        10  16  04  Wall  46 

165  30N18WI7OC8C  04  08  77  Craak  15X 

166  29N18W17BCeC   04  11    77  Craali  34.7 


1.36 

6.72 

2J0 

7.48 

.34 

.01 

<.01 

.03 

<.01 

Not*:    All  ct««miol  din  art  gw9n  in  milltyafm  ptr  Itttr  (mg/l)  i 
*  ValuOT  rapon«d  •■  todkim  phu  s 


1    X  2    ShMI  (Coo't.) 
of  S*lMtMt  Wnwt  (Con't.) 
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Mw  FkiD-  Fi»ld       ipKific        Onnlvid      Tonl  Total 

r«<.    NitraM     rida     Lab   Tamo,  conductanca       solids       hardna«     alkalmilv 
no.      <NI         (Ft        OH       C°        {tfinlM/ani       IcalcJ       at  CaCO,     aa  CaCO, 


Wad  Trac* 

Collacttng   daom     Aquilar  alamanti       Lab 
agancv        (ff-)         coda     analvzad   numoar 


UBMG  27  112GLCC      Ya<  7SM0234 

uses  120  211VRCL     No  64M0a01 

uses  23S  No  4SM0aa2 

uses  238  No  64MaOI3 

uses  238  No  «4Maai3 


ea 

1.4 

3J 

785 

384 

uses 

238 

No 

6BM0038 

70 

.09 

.4 

355 

455 

USGS 

238 

No 

59M0002 

71 

.090 

.1 

260 

IBS 

USGS 

No 

SBMOOOI 

72 

127 

434 

USGS 

311TMOC 

No 

36M00a3 

73 

1.7 

210 

406 

USGS 

311VLCC 

No 

SSM0038 

74 

J 

104 

1800 

133 

446 

USGS 

311 

311VLCC 

No 

S4M0002 

n 

S 

12 

1680 

408 

446 

USGS 

285 

211VRGL 

No 

64Maoa3 

78 

499 

591 

USGS 

211CLnD 

No 

36M00a3 

77 

400 

575 

USGS 

311TM0C 

No 

37M0003 

78 

1019 

630 

USGS 

290 

311VHGL 

No 

34Ma001 

31 

2.71 

.3 

756 

8.0 

1347 

393 

503 

413 

25 

UBMG 

140 

311VRGL 

Yaa 

76M1471 

34 

I4,« 

.2 

7.67 

9.0 

2792 

2212 

13S0 

338 

25 

M6MG 

7 

311TPCK 

Ya« 

76M1468 

SS 

.025 

.3 

7.78 

7 

1507 

994 

258 

370 

6.7 

M8MG 

90 

211TPCK 

Yaa 

76M1470 

39 

.0S7 

.2 

7.81 

8 

3989 

2770 

460 

93S 

16.7 

M8MG 

66 

211TPCK 

Yaa 

76M1478 

9aA234»M 

.7 

7J1 

9 

281 30 

32340 

15500 

353 

165 

UBMG 

54 

113T1LL 

Yaa 

78M0344 

968 

2.189 

.3 

7.96 

7 

1792 

1648 

395 

ISO 

33 

MBMG 

34 

t12TILL 

Yaa 

76M034B 

97 

4,07 

<.l 

7.4S 

18 

5834 

4S19 

677 

778 

31.4 

UBMG 

108 

211VRGL 

Yaa 

76M1474 

10 

19.43 

J 

7.42 

9.0 

3009 

2390 

1470 

419 

3.6 

UBMG 

211VBGL 

Yai 

76M1473 

14 

19.32 

.4 

7.SB 

12.0 

1422 

354 

83 

467 

143 

U8MG 

90 

211TDMC 

Yaa 

7SM1472 

38 

<.a23 

.4 

9.60 

'« 

766 

423 

3 

373 

475 

MSMG 

12 

211TM0C 

Yaa 

78M1634 

39 

<.(n3 

2.9 

S.82 

14 

1256 

766 

S 

967 

595 

MBMG 

135 

311TPCK 

Yaa 

76M1623 

42 

3.343 

a 

8.10 

11 

2112 

1519 

313 

417 

3.4 

MBMG 

55 

211CLB0 

Yai 

76M1620 

« 

<.0J3 

.9 

8.72 

21 

1484 

914 

6 

336 

70.2 

MBMG 

400 

211VRGL 

Ya. 

78M14<3 

M 

462 

.4 

7.95 

9 

4186 

3089 

291 

519 

235 

MBMG 

118 

211VRGL 

Yaa 

76M1466 

St 

.215 

1J 

7.72 

10 

3012 

2186 

502 

498 

10.9 

MBMG 

168 

211VRGL 

Yaa 

76M1458 

S3 

.610 

.4 

3.25 

3 

5874 

4405 

299 

1250 

35.7 

MSMG 

lis 

211VRGL 

Yaa 

7SM1467 

S3 

520 

.7 

7J 

540 

493 

USGS 

117 

211VRGL 

No 

6BM0006 

S4 

.158 

1.3 

10 

648 

USGS 

170 

211VRGL 

No 

gsMooos 

■8 

366 

379 

USGS 

159 

211VHGL 

No 

54Ma001 

at 

309 

400 

USGS 

174 

211VHGL 

No 

54M0002 

67 

.2 

7» 

240 

338 

USGS 

156 

211VRGL 

No 

g6M0007 

S8 

.1 

230 

280 

USGS 

150 

311VRGL 

No 

SEM0003 

S9 

.2 

7J 

340 

338 

USGS 

156 

No 

e6M0039 

SO 

2.395 

.4 

425 

280 

USGS 

311TMDC 

No 

SBM0033 

SI 

73 

230 

350 

USGS 

225 

211VRGL 

No 

aBMaoo4 

82 

.181 

3.3 

1S00 

275 

363 

USGS 

211VRGL 

No 

6SM0033 

S3 

5.29 

.5 

1610 

85 

260 

USGS 

120 

No 

86M0036 

S4 

.5 

8.3 

900 

332 

220 

USGS 

150 

211VRGL 

No 

S4MO0a8 

SS 

.1S9 

<.1 

7B0 

1 

126 

73 

6S 

64 

0.1 

USPS 

No 

76M1684 

S6 

.361 

<.1 

8.19 

4 

214 

119 

116 

110 

USFS 

No 

76M16S8 
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Chaniieil  Anilym 

Mangi-  Bicar-      Cv- 

(Mw     Stlia    bonst*    bonat*   Chloridi     SuHai* 
lltbil    (SiO,)    |HC0,I      ICO,)     lal  ISO>l 


Mip 

Collaci 

ion 

Magna- 

Poias- 

nt.            Location 

data 

Calcium 

Hum 

Sodium 

lium 

Iron 

no.      T      R    S4C  Tract 

Mo  Day 

r  Yr 

Sourca 

ICal 

IM«) 

INal 

IKI 

IFa) 

167  J7N  I7W02CBCB 

04  11 

77 

Ciaak 

11.3 

6.7 

15 

.4 

.03 

168   35NOSWa6  00 

10  23 

«4 

Wall 

12 

1 

870* 

les  32N05W28OC 

10  23 

GS 

Wall 

42 

22 

84* 

.10 

170  33N06W10  8B 

03  17 

37 

Wall 

548* 

171    32N06W01  AC 

Wall 

172   33Na6W2SCB 

Wall 

200 

6641- 

173  34N0SW31  CO 

10  26 

65 

Wall 

40 

28 

370* 

5i» 

174  34Na6W11  BA 

Wall 

35 

4208* 

175  38N0SM(M08 

Wall 

73 

30 

2S66<' 

177   37N03W04AO 

08  04 

88 

Wall 

88 

64 

807- 

178  37NO«W120B 

10  20 

65 

Wall 

75 

43 

228« 

2.20 
1.32 


720 

101  SO 

33 

580 

41 

465 

lees 

S780 

6667 
1296 

387 

1» 

820 

370 

36 

46 

SOS 

442 

6 

545 

1°  X  2"  ShMt  (Coot.)  CUT  BANK  21 

o<  Stt»tuH  W«wn  (Can't.) 

Uw  Fluo-  Fiild       ««aHe        OiuoKid      TonI  Tom         Sodium  W«tl  Tnc* 

i*<.    Nitnt*     rida     Lab   Tim.  coiMucanoi       wids       Iwdnta     alkalinitv    adMnnkln     CollKtint  daoiK     Aquifw  llmwnu       Lab 

no-      (Nl         in        gH       c'       Uunna/cml       Icalcl       a  CaCO,     ai  CaCO,         ratio  afanev        IftJ         coda     analvzad   nuiMw 

.130  <.1       IJBS       3  104  59  58  53  0.1  USFS  No  76M1885 

337      311VRGL     No  64M00C8 

No  6BM0030 

311TM0C     No  37MO0OI 

311TMOC     No  OOMOOOe 

311CLA0      No  OOMOOOa 

164      311VRQL     No  6BM0011 

311TM0C     No  OOMOOOS 

311TMDC     No  OOMOOO? 

1M      211VRGL     No  6SMOaoe 

SO      211VLCC      No  98M0008 

211VRGL     No  00M0010 

134      311VRGL     No  a6M0013 


53 

0.1 

USFS 

588 

uses 

186 

uses 

575 

uses 

USGS 

591 

uses 

476 

USGS 

13tC 

USGS 

4710 

USGS 

317 

USGS 

364 

USGS 

363 

USGS 

406 

USGS 

► 
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LOCATION    BASE   MAP 


(   .:.•    ■- 


EKALAKA   1°    x  2°    SHEET 
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SPECIFIC    CONDUCTANCE    SURVEY 
R59E  R60E  R6IE 


EKALAKA        I 


6°30' 

l04°30 


46°30 


250,000 


IO4000' 


10  KILOMETERS 


CONTOUR    INTERVAL  100  FT 


i05°00' 


SPECIFIC    CONDUCTANCE    SURVEY 
R55£  R56E  R57E 


R58E     l04°30' 


46  °00' 
T3  N 


T2N 


Tl  N 


Tl  S 


T2  S 


46°30' 


46°00' 


46°30' 


I05°00 


(••250,000 


I04°30' 


J I L 


10  KILOMETERS 


j_L 


CONTOUR    INTERVAL    100  FT 


I0'i"30 


SPECIFIC    CONDUCTANCE    SURVEY 
R5lE  R52E 


EKALAKA       5 


46^30 


I05°30' 


|;  250,000 


I05°00 


I     '     I     '     ■     I 


10  KILOMETERS 


rriNTniip    iwtcovmi     mn  ct 


i06"()0 


SPECIFIC    CONDUCTANCE     SURVEY 
RATE  R48E 


EKALAKA       4 

R50E  I05°30' 


46°  30' 


46°30 


l06°00' 


I:  250,000 


105030' 


10  KILOMETERS 


'   '  I 


CONTOUR    INTERVAL    100  FT 


1 00  "^00' 


SPECIFIC      CONDUCTANCE     SURVEY 


R  48E: 


EKALAKA    i 


R50E  i05°30 


46°30 


T7S 


45°00' 


46'^0 


45°00' 


i06°00' 


05°30 


10  KILOMETERS 


I       I       I       I 


1 0  5°  30 
46  °30' 


T4  S 


T5  S 


R5ie 


SPECIFIC     CONDUCTANCE     SURVEY 

R52E  R53E 


EKALAKA     6 


7     «i1S</=>"AV 


T^ 


f--:,^T'T?ir  - 


T6  S 


T  7S 


T8S 


T9  S 


45  °00 


■&m::p-^r4^i-iL^^^i:' 


R54E 


105  °00' 
5»46°30' 


l05°30' 


1  =  250,000 


I05°00 


45°00' 


10  KILOMCTeRS 


CONTOUR    INTERVAL  100  FT 


I05°()0'      R55E 


SPECIFIC      CONDUCTANCE     SURVEY 
R56£  R57E 


EXALAKA       7 

46° 


.;  :.:^,^.  jyd  \,,^  '(^  "'?j'''fy)  f 


"V: 


T5S 


.T6S 


T  73 


T8  S 
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'*>'•-. 
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l05°00' 
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10    MILES 


104" 


45°00' 

30' 


10   KILOMETERS 


rriNTniiR    iNTrnvai     ino   pt 


lO^ojo'  R  5S  E 


SPECIFIC      CONDUCTANCE     SURVEY 
R  60  E  R  61 E 


EKALAKA       & 

R62E  iOc=00' 


'^  &ifW^*^'--  .--4 


T5  S 


T6  S 


T8  S 


T9  S 


45°00' 


I04°30 
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Colleciran 

Magne- 

Locatton 

date 
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Wall 

78 
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546 
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71 J 

Wall 

230 

Wall 

23.8 

5.9  .24  .19  ia4 

7.2  .15  <J)1  15J 

6.9  .54  .43  16.5 

25.2  .34  .03  tS.4 

5.6  .0*  <.01  17.8 


34.6     2.14 


.65     16.7      1295 


15.3        .01  .11     13i 

2.0        .02     <.«       7.1 
6.3   <.01  .01     16.4 
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309 

21 M 

30.4 

138 

79 
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126 
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1&6 
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1S3  2SN42E20  12  17  76  Wall 
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186  30N  44E  07  OOD  07  26  68  Wall 
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37X 

190  27N  43E  31  SBB  10  09  47  Wall 
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192  29N  36E  03  CAA  11  15  57  Wall 

193  32N31E09AB  06  20  69  Wall 
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Fidd       spacific       Oiscolvid       Total 


hiuo-  ftma       spaoric       uisamvaa       lotai  loni         CMMium  naii  iraca 

rida     Lab    Tamo.  conduGtanca      tofidf       hardnaaa     alkalinity    adlorotion     Callacttng   daiKh     Aguifar  alatnann       Lab 
(F)        oH       C  tUmfto/cml        (calc.)       as  CaCO,     a«  CaCO..  ratio  aoancv        (ft.)  coda     analvzad    numtM 


agancv 


coda    analvzad  numoar 


7.27     12  2462  1S20  622 

3.57     10  1896  1186  85 

7JS     41.3  3915  34<9  1940 

8.53       9  2553  1763  415 

1410 

1480 


34 

2.350 

.3 

7.64 

11 

3431 

2939 

36 

<.023 

,4 

7.6S 

6 

2734 

4519 

40 

166 

.4 

7.38 

8 

isoe 

964 

4S 

<.023 

.9 

3J9 

9 

5290 

3040 

48 

6.40 

SI 

<.023 

.4 

7.93 

28 

2315 

1541 

56 

.249 

.4 

7.63 

9 

2531 

1817 

60 

19.654 

.5 

7.77 

7.5 

2114 

1396 

67 

<.023 

.6 

8.25 

12 

3418 

2366 

70 

<.023 

3.0 

7J7 

0 

3945 

3S41 

117 

4.560 

.2 

7.47 

10 

766 

46B 

120 

.075 

.3 

7.28 

6 

3507 

2633 

130 

.041 

.3 

8.25 

10 

5582 

4034 

131 

.106 

<.l 

7.58 

3 

1939 

1408 

139 

joea 

2.7 

8.41 

12 

3076 

1831 

151 

37.300 

.1 

7.78 

9 

3261 

2293 

153 

10.620 

.4 

7.92 

9 

3114 

2270 

159 

.038 

2.3 

8J8 

12 

4066 

2380 

184 

185 

7.60 

186 

7.20 

190 

1.356 

.5 

7.60 

9.4 

1900 

1363 

191 

7.70 

14^ 

1780 

1S2 

350 

I9S 

8.30 

1060 
546 
545 

983 


MBMG  220   211J0RV      yat  76M1508 

MBMG  35                         vaa  76M1509 

uses  3188   331MOSN     yaa  76M1859 

MBMG  1120nFT     yaa  76M1S10 

MBMG  vaa  78M1SI4 


10.8 


MBMG 
7.3  MBMG 
93.5    MBMG 

Unknown 
13.3         MBMG 


39    IIOALVM     yas 


9J          MBMG  35 

90.2          MBMG  300    21U0RV 

Unknown  21 1 FRNR 

Unknown  337MSNC 

Unknown  331CRLS 


76M1S13 
76M1S15 
76M1S12 
SBMOOOS 

76M1S16 


3.4  MBMG  96  vaa  76MlSt9 

6.6  MBMG  53  vaa  7BMlSn 

17.1  M8MG  90  IIOALVM     yaa  76MtS18 

3.0  MBMG  300  yaa  76M15I7 

.7  MBMG  40  yai  76M1600 

IS  MBMG  20  yai  76M1501 

63.0  MBMG  340  211J0RV      yaa  76M1Sa2 
1.3  MBMG  10  n20nFT     ytt  76M1S03 

95.1  MBMG  187  yat  76M1S0a 
6.9  MBMG  26  vaa  76M148e 


3.3 


USGS  30    IIOALVM 

USGS  28    IIOALVM 

Unknown  211FRNR 

Unknown  217KOTN 


7BM14gB 
76M1S07 
SSMOOOB 
56M0016 
eSMOOOB 

47M0C66 
63M0a69 
57M0003 


18       GLASGOW 


&    s 


■'I  llili  lllil  illll  liili  i 

g-g,  Op   oo  mr«5o*  o   o  —  —  •-—  ow*  p 

iSivv '  '  " 

c%  S2  SS  S2S2S  SRSR=  238 ?S  8 

►-  E 

cgi  s!!;sss  ;;?sss  !S:SS8  ssSnS  i^ 

l! 

.3-  Pp   o(p  ^o   0(0     ep   o  9PP  p 

|l  VV  V*  vv*v"  =VV"V  VVV*^  V 

til  oS3S8  SisiSS  3§8So  SoioS  8 
£"  -6 

^?  oo   oo  ooqSo  oowoo  ppopQ  o 

i  i  V  'v'vv'v     V  V 

^>^  fn  n       n  n  n  n  n  n  n  n  m  n  n  n  n  ri  nn  n  n 

I  33  VV  VV  vvvvv  vv'vvv  VVVVV  V 

£E^  K8nS!°  "S£S-  I-S8S  KS-SS  2 

3  5  J  " -.-:-:  -  -. 

f         -2=  88     88  S8888  88S88  88888  8 

<           llvvv  VVVVVVV  VVV  V 

c  ^  _ 

E             x'oi  pp      pp  ppppp  oop-^p  ppp*-,  p  p 

2         5-  V    V  VV        V 

8    °|^  op   oo  ooooo  ooooo  ooooo  p 

^  6Ei  VV  VV  vvvvv  vvvvv  vvvvv  v 

■6  6  = 

ail 

III 

u—  pn   pp  pooqp  QOpop  pppbi^  o 

<IS  v'    VV  vvvvv  V    VVV  vvvvv  V 

■fSw  '^^       *^*  "^"f^rjr.  MCi-rf^w  «c,w«p.  r. 

<e1  VV      V  WW  VV      VV  VVVVV  V 

il^  SS     8S  3^8£8  SSSSS  !SS!S:^8  S 

<  I  i  V  V     V  V        '  V                            V 

<  u  a 

«  coQygau<00^  Q< 

5  Q<D  u  o<SeoO  <<5<  a       < 

c  *-  oa<  Ooiaou  offl<tf  O      O 

.2u  «-(Dio<niA  r^tttficia  r>«mtf>ip  r>«r«*«too  a 

Q  uJUJWUJUJ  uJujuuiW  UJUJUIUJIU  uujiuUiUJ  UJ 

jcc  S;;*:^;:;?;  5J5j:jj:jJi  SSnf^n  rtSS55'  R 

^  zzzzz  zzzzz  zzzzz  zzzzz  z 

fiKt*^**^  '^S*^'^  '^"SiSS  mi^K*^  £ 

^9  C4  tH  f*  n  n  m««iain  2«^*^  mnnuim  £ 


LOCATION    BASE    MAP 


4 

3 

2 

1 

5 

6 

7 

8 

GLENDIVE   1°    X  2°    SHEET 


SPECIFIC      CONDUCTANCE     SURVEY 


i04°30'     R56£ 
T26N. 


R  57E 


T25N 


T24N 


1:250,000 


I04<'00' 


10  KILOMETERS 


CONTOUR  INTERVAL  100  FT 


SPECIFIC     CONDUCTANCE     SURVEY 

R54E  R55E 


4  7°  30 


'I. 


'v^'Y^  "f  "Si^ 


47«30 


1:250,000 


104030' 


10  KILOMCTEWS 


CONTOUR  INTERVAL  100  FT 


SPECIFIC     CONDUCTANCE     SURVEY 

R'iOE  R5IE 


^¥/.^-.^^-^ 


T25N 


Bl 


_  n 

V 


OLENOIve    3 

1 05  "00' 


iCi^'SO  R-^SE  R'iOE  R  51  E  105 "(K 

1  '-'"E^-r^^T^S^^ 


SiigviMi  Schd8l 


^fe^' 


,^^ 


MGS^^ 


--frrrr 


^dttV'** 


'"":  ""^^^ 


T23N 


T-i\!(. 


1  c«^"i 


:C-J)^ 


S 


^ 


!^ 


5ri 


?^ 


$-' 


1:250,000 


— ' -^^ %^oo' 


10  KILOMETERS 


CONTOUR  INTERVAL  100  FT 


R45  E 


SPECIFIC     CONDUCTANCE     SURVEY 

R46E  R47E 


OLCNOIVC    4 

1 05  "30' 
48°00' 


1:250,000 


lOS^SO' 


47<>30' 


10  KILOMETERS 


CONTOUR  INTERVAL  100  FT 


SPECIFIC      CONDUCTANCE     SURVEY 


i06°00'     R  45  E 
47030'  I  J- 


T20N 


R47E 


R48E 


TI9N 


(SLENOIVE    i 

lOS^JO' 

4T°30' 


>^5'^^ 


'jT-,-, 


"^'^iZ,^ 


r-=rrr 


r 


I'     c 


^^-:^ 
»^^^ 


-'-."S- 


=  f^ 


^U 


.-^ 


4«- 


w-^_^-J-_j"^7^r-'^  'V 


47»00'    f"^ 
106<»00' 


47°00' 


1:250,000 


i05°30' 


10  KILOMETEHS 


CONTOUR  INTERVAL  100  FT 


i05°30'       R  49  £ 


SPECIFIC       CONDUCTANCE    SURVEY 

R  50  E  R  51  E 


OLCMOIVC     « 


1:260,000 


47<»00' 


105  "od 


10  KILOMETEHS 


CONTOUR  INTERVAL  100  FT 


I05°00'     R  53  E 


SPECIFIC       CONDUCTANCE     SURVEY 
R54E  R55E 


CLCMOIVe      7 

R  56  E  104030' 


47O30' 


T20N 


TI9  N 


47"  30' 


i05°00' 


1:250,000 


104030 


40OOO' 


OKILOM£TE«S 


CONTOUR  INTERVAL  100  FT 


SPECIFIC     CONDUCTANCE     SURVEY 


^0A°^0'        R  57  E 


4 7° 30'  n     I"/! 


R59E 


T20N  i   ,  (   /'I  '   -■■A^^  I 


QLENDIVC    • 

R60E  l04°00' 

47«>30' 


T 1 9  N  ;,\  ,j  )i 


TI7  N 


47°  00' 


104°  30 


1:250,000 


I04°00' 


47°00' 


?     ,     ,     ■     , 


10  KILOMCTCM 


CONTOUR  INTERVAL  100  FT 


GLENOIVE       9 


a 
i 

I  I 


5  «  = 

s  ;  -  _ 


3  3 

1  s 

55  8  a 


a  e 


J?      it?S?      ?i3?S      ?;l2?      S?ll2      II???      ?l??5 


•  S,u 


r; 


I  O  O  "  o 


a«iA<0«        2^2^  taStai 


*  §  = 


fl 


I  **    IJS'^  I      1      I      I      !•      I* 


'-'-  U  lli|1  I  11    |i|l  Hill    |f  i 

(AM  >   ^  Z   <   a         A         »  *-   *~  Cj5(AvIO         OtOlAMfA  hmmXn 


1 1 

c  s 


l5=  2  ScO?  I^IN  b-c<!«io  d?c 


i  ssf|i  a||||  |==||  sills  s=:1l  jlllx 

<!!  liStia  laOeO  0  II  (3  <3  e  c3  u  <3  (3  (3  I  <3  ^  s  i  <j  0  6  i 

n2—  f^r-ifltac0  (010(0(0(0  (0OO(O<0  r^^f^(0^»  >0  9   r^   ^   *•  S®^29 

«53  nnooo  oOSSS  aS-oS  oSo-o  --OOM  n-n»p. 

3  I  S0888  SS8S8  SoSSS  SSS08  33888  8388= 


^K^SffleoSoQ                 oo  <  (J  <  O  <  <ocdQo 

z.  ji        SSS-o        "S^2--  S^^OM  c<r>*^«S  r«?5---  NrtnS^ 

ZZZZ2   zzzzz  zzzzz  zzzzz  ^zzzz  i^i^% 

f-        nr>400)<D        eocncOGoto  aoBaaaaa  r>.f<>.<o(O(0  csmia«to  (SJSSiSS 


JsisI    iilis    islii    Siiil    slsil  llqoi 

_iiii   iiiii    «5|m    lllii    iiHf  s'^yy'S 

c2(3oo  ooQoa  oooao  ooooa  oaass  33S22 

en  O—  oS  OCNOtNn         **3^t9''  S'^S^O 

^•nmmS  mmmmm  ffi^5raA  simmtlim  oSoiaiO  catOOaiS 

■ooo  aooas 


1 1 


s3i:s     £:ss8 


in      (•i.rNDivF 


i 


s    § 


is 


11    I  i 


H 


i  t 


.i  a 


ttii 


«   so 

sis 


S        $  n  i 


ISS    S    i8SS|    s§S8: 


sSJi 


i  I 


i  I 


ill 


ill 

5     I 


I  i 


4  >S 


5|; 

s  -  * 

i  E  = 


III 

:-&o  I 

'  -^    o    - 

.  ;  5  -6 

I   -J   2    u 

roll 
III 


\'l 


z  z 
SS 
i  E  ■ 


E  8 

111; 

2l|< 


f 

E  J 

If 

ilrl 


^|5 

J  ec  "  S  ^ 

A  J<    j(   JC    ^ 
S    I    t    {    t 

S<3  0<3  C 

i  S  8  !  8 
O  -J  ^  -i  -1 


? 

-  >  -i  c  K 

»-  sS  Z  C  E 

5       i  I  si       lis 

S  "s  ;     tjsx.    ^x^Zi    ;^!x^     !  !  i  E  t     !!<^{ 

es6   i;  s  a  S  £   S  S  :  <2  S   SScSS   c  c  lU  0  i3   cdOcc 


S  SS£  SS"SS  2SS85  SSSSS  gSSSS  R  i5 ! 
S  Soo  SSSoS  SoSSo  oSSSS  SS8o8  SSI 


iJi 


iSSSiS    i!!S8«::     isssss 


18  =  = 


5  0tQOI  roQlOltDr^ 

Z         ZZZ         2^|*ZZZ 


ir5?$?     5?55!S     ♦5S?55     sssss 

ZZZZZ       Z  Z  Z  X  ^       zzzzz       zzzzz 


I    1 1 1 

<j     3  S  S 


o  ^  o  o  o 


i  If  if 

aaasa 


Hi 


,PI^7,»     »RS!;9 


itiili  s  s  Z 


8  o  S  o  o 

i  S  S  S  £ 


r,„_52 

a  CD  a  a  s 

3  o  o  o  o 
sssss 


GLENOIVE       11 


-    <s 


a  s  -  _ 


|."   S8SS  8SSSS  S8SS|  |||88  S2||   SSglS 

il    I 


I! 


1 


!        *>   1=     s  i«   ft      || 


I        ^  fiilj    .11    it,..  \iU    It    I  .ijis 

"  E«£E5    joli   51882   sjss    sSfl^   8»'2i* 


til  z    z  -.llz-.    ^lill  1^ 

lit  -0^        ■sa3;:-3:!-:«.--a'3 


:  ui  3 


1^x1  :|i^^  :|:::  $:*:»  i:i:^  >>|sl 

zSS<3      uccSS      <3i)!<3<3<3      ocOOCJI      OOcCS      Oocoo 


;S=38  22222  8S288  22888  8822! 


a  a  I 


uooaa             ojcj  (D          < 

<<  oaoou             oju  oa<      u 

<<  aaouQ             so  Oa<      s  <<ua 

■fflc*  ^<^*osCi  fiWmtaia  vtor^^oi  lOrjClSBS 

egiooto^        r^  to  at  a  a  oicoQoaioi  Mn'^'j'n  naAOieo  ^S^SSS 

ZZZZZ         ZZZZZ  ZZZZZ  ZZZZZ  ZZZZZ  2ZZZZ 

::::22s    j^i^iSiiis  t6isfii$»  ;»;;?;;  s;;;;;;^  sssi^s 

?i?ii  ,,^^^  ?•?■?■?•?  iim  II??? 

S   3  a   a   3  3  3  3  3  3  3  3  3   3*  33333  33333 

£££££  S    j:    C    Si    £  JI££££  £££££  ££XiI£ 

^  ij  ^  ^  .^  i    'i    'i    i    i  .'i    ^    i  V  ■'i  U  -i    S  -^   .»  'i    3  M  .»   .» 

ECXSC  CSXSIZ  SCZCK  CEfrSE  CEECC 


loiSa  aoaoo  ooaoo  a  a  a  a  a      aoao; 
8 : S S s  sss£s  sssss  sssss  ssss! 


I  3  o  S  S  S  i 


12        GLENOIVE 


- 

J 

h 

i 

is 

1 

i 

k 

■c 

c 

V 

} 

> 

1 

Hi 


SB 

< 

2  %       SSSoo   S   oSS   Soooo   oooSo   ooSoo   ooooo 

^?    >>,>cc    >   c>>   >ccce    cec>.e    cc>>ec    ceeee 

S  a„ 

tfc  S       —  —  —         — 

H    >  fj        cQif'QQ        o        99(0        nOQOQ        OOOtoo        9S(50<5        50000 

is°K>    H?;is    »    ssi    Ki;^3s|   s|s)!is    s||s|    li|-S 

lis  '     ■     ' " 


«o 


i 

ffl    !    i.       II       .       :  1  tl.    I 

E   E 


I,,      I      n  PI  .  %  III 

1 1 


Hi  I 
'II-  Hi  P*  I  *l  If  inll 
ilflf  I  ill  \\-'  i  ih{\  %'"'U  3    fi 

■Sttil    I    !ol    I?  ^5 1    "Stsss    11^5"    oil'- 


iii'.o  mu  Will 

iil5.i  ei*ii  ^lll^ 

llss"  ililt  iclii 

Jittu.u.O  iaSSOSO  sOsaM 


l;|e°  e  sil  llsja  slilt  IcIII      '•szif 

^  z  &  i  A  Z  SZ^  £au.ii.'o  iXaoSO  AObb«       dJ!«lo3 

i?1      S  __  _=__S  -E-      _  

I'll   ^.-.-.  I  ^^  Ti^ri  -.1-.  -.  -.-.-Al   i 

£  ul  2 


*     -  *  ^  E  ? 

I    still 

<X         <3  U  0  E  <% 


111  8 1    I  HI  I    1|:I»    tllll 

o<3(3<30    ooodS    oAaaa    &£££» 


S||     S££8S     £     8S8     8  8  :S  8  8     £88£S     888SS 


I     28S8S     8     8SS     SSS8S     8S8S8     88888     88SSS 


O  Q  U  O 


0       <  <  u  8 


O  O  I 


ijj    Sosss    s    z^s    ssKics    Pisssp:    ssssii!    =ssks 


i—  "'SjSSx  Sa»a»5S  »r-^S8e 

>   ?????  ?    ■??■?  ?i??i  ???■??  ???■?,  ..... 

c      3  3  a  a  s  a      a  a  a  a  a  a  3  a  a  a  a  a  a  a  a  a  a  ^  iiiii 

CSSCC  C    COCC  CSCCC  OCSCEC  CEKCS  SSSSS 

ll  ^^sss  :§£"i  ss^ss  iSsss  "'sSI  sss-~ 

lii  oSooo  SsoSS  SoSSo  Soooo  SSSoo  oooSS 

'  i  i  a  i  :§{££  ££S££  xssss  sssss  sssss 

l^g  58SSS  SSSS8  oSoSS  8|8SS  ==Hzz  ====§ 


GLENOIVE       13 


7     I 


I 

11 

< 

-  *  — 

li  -  - 

« 


n 


;ss    s 


ISS 


^ 

1 

a 

)« 

1 

S 

1 

1       11 

« 

1 

8 

1',  n 

ii 

i 

■a 

>  5  ^    °  "=. 

> 

i 

S°l;? 

5 
z 

«  z  o  r  1 

:  :  £  s  £ 
>  >  >  >  > 

1 

a 

=  51*  = 

E  £  X  C  E 

s  :  •  :  > 

I 

;  •  •  s  ; 

1  S  1  1  s 

1 

<  o  3  Q  5 

OC  K  I  I  X 

c 

2 

11 

a;  _  i 

>- 

E  i 

F  ~  — 

S  •■  (J 

{ 

i? 

a-so. 

3 

?iti-- 

s  s  s  s  s 

^ 

*5Ssl 

»  >  »  >  > 

Z  Z  S  E  Z 

2 

= 

; 

tf)  tn  u>  tn  in 

s  <a  js  a  10 

CO 

.3 

•    > 

o  o  o  o  3 

~  ^  ^  ~  ^ 

CO 

• 

'  o 

(N    Ol   0<    <N    PI 

CM 

5 

1 

33333 

s  s  s  s  s 

o 

;e     33328     1^39^:;;     :^S 

zzzzz   zzzzz   zz 


"  is  i  i  i     s  i  s  i  2     is 


•^  }      a  o  o  a  o 


<  <  <  <   <  5 


M«> 

Collvctioft 

Magna- 

POtM- 

•f.             Location 

c 

tmn 

Calciuin 

sum 

Sodium 

wum       Iron 

TO.       T      R    S«:TrKt 

Mo  On 

Yr 

Sou  re 

-a       ICal 

IMgl 

INal 

IKl         (Fal 

1    23N  51 E  36 

07 

27 

67 

Riv» 

47.3 

65 

486 

8.1      <.01 

2  22NS0e» 

07 

27 

76 

Rtv«r 

37.3 

77 

S37 

8.3     <.01 

7   I9N  S3E  32  CO 

09 

23 

76 

Cmk 

280 

410 

280 

45 

12   1BN5IE  15(X 

03 

20 

69 

VMII 

4700 

580 

46000 

1800 

13   18N51E  15  CC 

04 

10 

68 

WMI 

44 

7 

3200 

34 

19   16N5SE33CO 

03 

15 

76 

CfWk 

56 

72 

250 

5.5 

21    16NS6E20CC 

03 

15 

76 

Crnk 

21 J 

10.7 

85 

6.7 

22   1SNSSE2SAe 

07 

19 

60 

W*ll 

2600 

570 

120000' 

27  26N  48E  34  CC 

03 

16 

76 

CrtWi 

64 

56 

24S 

14  J 

X  24N47E  18  C8 

11 

20 

66 

W«ll 

1300 

180 

22000- 

34  24N  &0E  19  ce 

07 

23 

66 

W«ll 

1700 

140 

46000 

540 

35  24N  49E  31  88 

03 

16 

76 

CfMk 

39.8 

215 

42 

12.5 

38  22N  4SE  01  OA 

03 

16 

76 

Crlttt 

53 

39J 

135 

12.3 

39  22N  46E  22  AA 

02 

22 

65 

W«tl 

560 

56 

3000- 

41    27N46E  32  AB 

09 

10 

66 

Mall 

500 

64 

4500 

180 

42  22N  47E  30  SO 

02 

02 

65 

wall 

1300 

320 

9500 

200 

45  22N  48E  25  80 

02 

01 

52 

Wall 

6 

1900- 

4fi  22N  48E  25  80 

02 

10 

52 

Wall 

510 

SO 

19000* 

SO  21N45E  12  88 

09 

10 

65 

Wall 

360 

47 

4400 

70 

52  21N47E36 

08 

29 

75 

Pond 

28.5 

347 

800 

13.1 

54  20N  48E  18  OA 

03 

16 

76 

Craak 

36.9 

68 

350 

155 

59   19N48E  11  8A 

03 

16 

76 

Ciaak 

g: 

93 

365 

10 

61    1 7N  4SE  01  CC 

11 

02 

69 

Wall 

12 

17 

2600* 

S2   17N46E  16  00 

09 

27 

75 

Raaarvoir    51 

331 

11S0 

18.1 

63   16N49E  17  00 

11 

36 

69 

Wall 

18 

8 

2400* 

64   16NS0E23C8 

03 

10 

52 

Wall 

360 

43 

1100* 

86  26N  54E  36  8AA 

06 

15 

76 

Craak 

403 

97 

738 

11             J( 

70  2SN  SSE  22  AAC 

12 

16 

76 

Wall 

463 

280 

155 

19 

71    25NS8E31  000 

06 

IS 

76 

Craak 

196 

233 

139 

16          <.01 

72  2SN  58E  32  000 

06 

IS 

76 

Saac 

202 

404 

1315 

78             .21 

Man9-                 Bicar-  Car- 

naaa       Silica    oonata  bonata  Chlorida  Sulfatt 

IMnI       (SiO,l   IHCO,l  ICO,l       (CD  ISO,) 

467  34            16  960 

467  31             10  1096 

739  »t  2250 

513  80000  2800 

1780  96        3SO0  eX 

466  3            10JS  575 

161  4  146 

122  190000  2400 


4300 

2000 

4800 

4400 

16000 

3600 

1100 

970 

26000 

7000 

3600 

sooo 

li 

2240 

4 

810 

9:8 

1030 

2800 

32 

12 

3400 

2600 

23 

1100 

1800 

7J 

1610 

76 

1880 

1J 

1400 

17 

4100 

73  25N5aE26  0D  10  07   75   Craak 

74  25N59E  31  CCO  06  15  76   Craak 
78  24N53E2S888  06  15  76    Craak 

81  24NS3E36CC  06  15  76    Craak 

82  24N58E  16  008  06   15  76   Craak 


85  24N  SSE  29  8CA 

90  23N60Ea6  8 

91  23N  60E  06  A 

92  23N  57E  01  000 

93  23NS7E  09  000 


08         63   Wall 

10  08   75   Canal 

10  08   7S    Canal 

06  15  76   Craak 

06  15  76  Craak 


13000        1300 


75 

2035 

8 

4850 

95 

380 

200000 

360 

1Z3 

370 

12J 

360 

10 


S40 


96  23N  S3E  36  SBC 
99  23N  59E  24  8 

100  23N  59E  25  A 

101  23N  59E  08  088 
109  30N  SSE  29  AOO 


06   15  76  Craak 

10  08  75  Canal 

10  08   75  Canal 

10  08   76  Craak 

06   15  76  Craak 


105  4660 

10.9  380 

3a6  190 

105  390 

5  76 


Nota:   Allchamicsldataaraflivan  inmilligrainipar  I 
*  Vakjaa  raporfad  ai  todium  pkit  pouMium 


r  1mg/l)  unlaat  otharwiaa  statad 


1    x2   ShMt 

of  S«lKMd  Wattn 


GLENOIVE       15 


f  luo-  F  mt<i         oacif  ic        OisKilv«d        Total  Total  Sodium  W«4I  Trsc* 

rtd*     Lab   Temp,   conouetanca      so*»ds       hardnats     aikaimiry    adaorotion     Cotlacting  damh     Aquifar  atamams       L*b 

(F)       pH       C^        (ftmho/cm)      (caie.)       as  CaCO,     m  CaCO^         ratio  agancy       (ft.)  coda    anatyzad  numbar 


03 

834 

22 

2574 

1886 

386 

439 

103 

6PA 

Y«. 

78W1714 

01 

a.7g 

21 

2760 

2046 

410 

427 

113 

EPA 

Ym 

78W1715 

.02 

7.9 

21 

5540 

3693 

2390 

606 

23 

WQB 

No 

76W2342 

S.7 

134300 

14100 

420 

168 

UnknOMn 

337MSNC 

No 

63M00I0 

3.3 

3378 

139 

1600 

113 

Unknomm 

217MDOV 

No 

89M0004 

.09 

3.42 

1733 

1427 

434 

378 

5.2 

was 

Ho 

7aw04«2 

.26 

7.91 

593 

97 

132 

33 

WQB 

No 

78IW0483 

4.40 

3340 

100 

Unknoown 

320AMSD 

No 

60M0aQB 

3 

7.51 

.2 

1656 

390 

183 

5.4 

V»Q8 

No 

7eW0«8B 

33 

3990 

320 

Unknown 

331CHLS 

No 

66M0028 

7.1 

124800 

4820 

120 

288 

Unknown 

331KBBY 

No 

6SM004S 

.06 

7,37 

.2 

650 

188 

108 

1.3 

WOB 

No 

78W0487 

.37 

7.63 

1190 

874 

295 

209 

3.4 

WQB 

No 

7aW048« 

73 

1630 

142 

Unknown 

331KBBV 

No 

66M0043 

7.4 

14620 

1510 

290 

50.4 

Unknown 

331CnLS 

No 

6BM0044 

73 

29920 

4150 

170 

64J 

Unknown 

331KB8Y 

No 

eBM0048 

»Jt 

15 

1710 

Unknown 

2170KOT 

No 

S2M0002 

6J 

1480 

469 

Unknown 

320AMSO 

No 

52M0003 

7.4 

13720 

1090 

400 

573 

Unknown 

33IK8BY 

No 

SBKKXMZ 

.01 

937 

4600 

3802 

I08O 

531 

103 

WQB 

No 

75W1761 

.22 

7.79 

2094 

372 

302 

73 

WQB 

No 

78W04a6 

.05 

3.07 

2445 

58S 

321 

5.6 

WQB 

No 

78W0484 

3J 

100 

1700 

Unknown 

217MDOV 

No 

6BM0003 

.02 

9.S5 

60% 

5312 

1490 

334 

13.0 

WQB 

No 

7SW1783 

3.0 

78 

1620 

Unknown 

217MDOY 

No 

69M0002 

3.3 

1080 

262 

Unknown 

331CRLS 

No 

52Ma004 

16 

as 

23 

3639 

2727 

500 

388 

14.2 

WQB 

Y« 

7aW1070 

7.6 

3704 

3189 

2310 

470 

1.4 

WQB           20 

No 

7aW2847 

.02 

.09 

7.9 

18 

2733 

2162 

1450 

293 

1.6 

WQB 

Ym 

7n«t064 

.08 

.09 

3.1 

19 

7390 

6401 

2170 

640 

11.4 

WQB 

Y« 

78W1063 

.04 

3.52 

5260 

4299 

1050 

467 

12.6 

WQB 

No 

7SW2111 

05 

.10 

7  95 

19 

1827 

1282 

395 

247 

6.0 

WQB 

Ym 

78W1063 

.03 

.08 

3.1 

23 

4469 

3351 

900 

450 

11.2 

WQB 

Ym 

7awioaB 

.0* 

.06 

3.3 

19 

8220 

7152 

1920 

313 

153 

WQB 

Ym 

78wiaaa 

.08 

.12 

7.7 

10 

1116 

728 

415 

191 

13 

WQB 

Ym 

TBWIOei 

53 

353M 

120 

Unknown 

33IMOSN 

No 

63M0011 

.1 

3.12 

1300 

1072 

450 

423 

23 

WQB 

No 

7SW2107 

.17 

8.16 

1468 

1217 

452 

440 

3.6 

WQB 

No 

75W2106 

.04 

.09 

73 

19 

1205 

306 

525 

180 

1.0 

WQB 

Ym 

78W1065 

.04 

.11 

73 

19 

1391 

964 

732 

243 

.6 

WQB 

Ym 

76WI066 

.07 

15 

33 

22 

3210 

7117 

1160 

490 

243 

WQB 

Ym 

76W1067 

.7 

733 

1228 

1009 

505 

383 

1.6 

WQB 

No 

75W2106 

68 

7.98 

1336 

1202 

573 

568 

13 

WQB 

No 

75W2104 

.t 

3.07 

1353 

1124 

486 

442 

23 

WQB 

No 

75W2103 

.27 

24 

73 

16 

355 

207 

93 

39 

13 

WQB 

Ym 

76W1080 

IB        GLENDIVE 


Souri 


Calcium    sium 
(C*)       IMgl 


113   19NS7E26CCC  06  15  76  CrMk 

13t    l6NS9E2SaO  09  03  75  Soring 

126  2SNS1S09  07  27  76  Rivw 

127  20N  «9E  20  07  27  76  R~»r 

128  20N49E20  07  28  76  Rmt 


129  2SN5IE24 

130  2SNS)E  24 

131  2SNSIE09 

132  23N50E  19  SCO 


07   27  76  Riw 

07  28  76  Rioar 

07  28   76  Rivn 

OS   16  52  W»ll 


IMnvt- 

8icw- 

Car. 

Iron 

n#ft 

Silici 

bonai* 

Chlohda 

SuMan 

IF«I 

(Mnl 

(SiO,l 

(HCOj) 

ICO,) 

(CI) 

(SO.I 

1.7 

.06 

576 

721 

5 

75 
33 

725 
3220 

<.06 

503 

12 

14 

863 

<.01 

565 

11 

13 

1530 

<.01 

521 

34 

13 

1484 

<.01 

796 

15 

11 

1510 

.06 

779 

29 

10 

1893 

72000        4300 


r  » 2    ShMt  (Can't.)  GLENOIVE        17 

of  Satoctad  WMwi  (Can't.) 

Lab 

'onl          Sodium  W«l                       Traca 

:alinitv    adiorptiofl  Coltaciing  daoth     Aquifar  ttafnams       Lab 

I  CaCO^       ratio  agancv       (ft.)         coda    analv^ad  numbor 


Fluo- 

Flald 

soacitic 

Oiuolvad 

Total 

rida     Lab 

Ttmo. 

conductanca 

solkli 

hardnats 

IF)        PH 

c" 

(M«nAo/cmt 

IcalcJ 

ai  CaCO, 

38    S.3 

16 

2146 

1S03 

SOO 

7.73 

4820 

5286 

3720 

3.4 

205 

2336 

1S89 

388 

8J« 

20 

3S50 

2693 

S67 

8.67 

23 

3660 

2589 

736 

8.48 

22 

3975 

2909 

478 

8.53 

24 

4038 

3153 

525 

8.46 

20.5 

2426 

1170 

410 

WQB 

Yat 

7awia59 

VKIB 

No 

7SW17«4 

EPA 

Vaa 

7gM1713 

EPA 

Yaa 

TawlTIS 

EPA 

Yai 

7aW(1722 

EPA 

Yaa 

76W1717 

EPA 

Ya. 

78W17M 

EPA 

Yai 

78M1719 

UnknooM             337MSNC     No 

52M00a6 

18   GLENOIVE 


^1   - 
3  1  S 


ssiii    ssssi    ISISS  SSS|| 


w^   opoo-   ooooo   oorPo   pooqq 
~I  VV        VVVVV   VV    V   VVVVV 


-I 


III 
I  -  .? 


VVV   VVVVV 


I  E       V    V    VV   V    V 


1  J     let  VVV  VVV    VV 

"   !   Ill  8S8  SSSS8  5888 

««   >• 

'       e         ll  o88  888IS8     8888 

V   <     5  B  VV  VVVVV   VVV 

2  i     S^  ooo  8oSpo   pS89 
§   J!     3  i  VVV 

!j   8   Ml  S^^  88888  8888 

"   fi   6i|  VV  VV  VV  VV  V 

T,i|  5§8  §s§ii    si 

3  E  I  V     V 


1 1 


!  -.  n  "l   «>  ^  ^  " 


^E^      ppo   ppooo   OPOO 
iiS  VVV   VVVVV   VVVV 

li! 


?      <oa  uauOQ  OoOu 

c»-       ooo  uauQO  Oo<o 

15  SRSSS  SSS25  8SSS8  SRSS8 

jK    saSss  IssaS  sssss    ??s5s 

22?ZZ  22ZZ2  ZZZX2         ZZZZZ 


i^i 


in; 

'8;:C     SS5SS     SS8-S     RRSSi 


LOCATION    BASE   MAP 


4 

3 

2 

1 

5 

6 

7 

8 

GREAT  FALLS   1°    x  2°    SHEET 


} 


SPECIFIC     CONDUCTANCE    SURVEY 

Rll£  RI2E 


1I0°30'  RIOE  


GREAT  FALLS     I 

RI3E  II0°00' 

TT'i"^     "~T  48^00' 


)  ,'>,K-r-,a,-pt=* 


^ 


T24N  "^    f'V       p  211310   ..:y^-;_.^;9|)_3i^ 


T23N 


7^' 


T22N 


T2i  N 


,  k'  .'□(99)'&oo^r^^^~^ 


(97J;il\2p   A 


4JC 


■"7oi>^oo  -^^       dtrH   ;   ^c.ti%6^J58^AV:a  VTg 


--H- 


h 


-V, 


•■"■,^- 


■■■'I   1  >■  •    rT     ) 

(253)Z3S 


|?Fn\^^^'   v(ii62i|7a^_ 


- 1-— w 


7 


V    c  '       J-        ' 


iifr24)1^09  W' 

^^"  2  3)7  to  ~-  (i 

.  JJ06I     I     r^, !   J    Ci^^ 


'9]r367l  7    ■]"■ 


^fe^s^sitd 


1 10° 30 


I'  250,000 


1I0°00' 


47°30' 


I        I        I        I        I 


I      I     1     I      I 


10  KILOMETERS 


CONTOUR    INTERVAL  100  FT 


SPECIFIC     CONDUCTANCE    SURVEY 


iii^OO'       R6E. 

T26n'    i      ,,,,'_     t        I 
:    t^(56rm30^l 


R7E 


R  8  £ 


SNEAT     FALLS     2 


Ii0°30'      , 

4e°oo 


P    250,000 


47°30 


110°  30' 


10   KILOMETERS 


L_j I I I — L 


CONTOUR    INTERVAL  100  FT 


I II  "50'  R2  £ 
43 "00' 


SPECIFIC    CONDUCTANCE    SURVEY 
R  3£  R4E 


ORCAT    FALLS  3 


T26N 


PONOtRA   COUNfY 
1  tlON  COUNTY    I 


-    .Ji4i. 


R5  £ 


111°  00' 
48°00 


T25N 


T24N 


T23N 


T22N 


.  .  .  ,  I      A         ■'->A.,^J' 


N^3300\\l 


f' 


^WA 


^1  i^       i'j/^'\Tf%^        "'1'   ^.^>■ 


^J^L. 


~  ~       CASCAOfe  cbijiuT'*,,    ,.r^,,^>i  r"^^'' <  ~S^         r 


i  I 

1 


■-      ,'1wi9i<'A|Lwip)i4f!e«E«iGti -  }v|^^{j2ir3'46 O  '•' 
y   /'/  I        /  ;      :  y-     -7   .0,2-.        A*'  U-^ 


!■■  250,000 


10  KILOMETERS 


CONTOUR    INTERVAL    100  PT 


Il2°00'    R3W 


SPECIFIC    CONDUCTANCE    SURVEY 

R  2  W  R  I  W 


0WEAT-FALLS4 

RIE  lll°30' 


J_J I L 


10  KILOMETEN 


CONTOUR   INTERVAL  100  FT 


SPECIFIC    CONDUCTANCE    SURVEY 


ll2°00'    R3W 
47  "^30' 


R  2  W 


Rl  E 


GRCAT   FALLS  S 

lli°30' 


^1   MTrrr 


17""=^ 


T20N 


TI9N 


TI8N 


^^2.<m3)  1 34  Q.O-f  4^-1^^°'°' 


TStC 


TI7N 


TI6N 


47°00 


47°00 


II2°00 


|:  250,000 


II I  "30' 


10   KILOMETERS 


CONTOUR     INTERVAL  100    FT 


SPECIFIC     CONDUCTANCE    SURVEY 


iii°30'     R2E 
47°30 


R  3  E 


R4E 


CREAT   FAU.S« 

lli°00' 


I-  250,000 


47«00' 


ll|O00' 


10  KILOMETERS 


CONTOUR    INTERVAL   100    FT 


lll°00  R  6  e 

47  °30' 


SPECIFIC      CONDUCTANCE     SURVEY 

R   r  E  R  8  £ 


3^   '^s_-'  ■    "^F"-^''"  '"^'^^^WW-^^'^'-^^Q^i^S 


SRCAT     FALLS    7 

R  9   E  II0°30' 

47°30' 


TISN 


II   °00 


I     250  000 


4  7°00' 


llCSO' 


-I I L. 


I       .        I        i        .        I 


10    KILOMETERS 


CONTOUR    INTERVAL    100    FT 


Il0°30  RlO£ 


SPECIFIC     CONDUCTANCE     SURVEY 

RllE  RI2E 


I    i 


OREAT    FALLS 

RI3E  II0°00' 

47°30' 


h  250,000 


47«^30' 
II0°00 


10  KILOMETEMS 


'       '       '       I 


CONTOUR     INTERVAL    100    FT 


► 


ooogv   oooOQ   ooooo   S99S<3 

ssass    sfisss    sssss     aSsss 


^1 


55' 


i3S  SS§33 


I  if  =1  •       ^    ^ 

1  lis       is  s|*' 

5  *lij        1-        =IaI«I 


4 


"3  J 1  1 1      i . :  I  z  1     I  !    J  5 « I  -  I  I  1 

£o        :  ;^  (2  iZ  .r       iT  5  iS  ::  iS        ;%  E  a  -i  1^      £  3  &  S  Z        °s2oS 


-  J   ?  5 

3  jii, 


9  o 

OQOOO  □a)<QO  QUO«<  ^         y^H  SqOoiO  <OOfflQ 

o<ou<  <oOo<  ooqO"  <   <<o  uiD<<<  a  a  <  a  m 

!] !i! I ;;] ;;]  [!!i]su.u  ^iZ^ss  sgss:  iSiZiZu  u2u!i!u 

Soiomw  r^  r^  r-   —  —  f  .-   ^  .-  n  o<Nf««r<—  (Oror^coCD  i^fflvv^ 

oooo  OOOOO  oo^oo  ooooo  ooooo  ooooo 

z  z  z  z  z  z  z  z  zz  zzzzz  zzzzz  z  z  zz  z  zzzzz 


J,  .  ^  jj  ^  .^^^.  «jj^jj^  41  ^  «  i  «  4j  ^  •  ^  ^ 

S  S  S  S  S  S  S  S  J  S  3  3  S  3  S  S  3  S  S  3  33333 

<3(3c3<3c3  c3<3<3(3(3  J  <3  3  <3  <3  J  3  c3  a  c3  <3  (3  <3  a  a 

OOOOO  ooooo  ooooo  ooaoo  aoaoa 

ssss:  sssss  sssss  sssss  sssss 

lllll  iiiii  iiiii  iiiii  iiiii 


GREAT  FALLS 


=  =  I     £  S     « 
if  if  I     J  J     < 


S2iii 


Si 


4040 
3740 
3450 
3380 
3780 

®  "^  S  S 

n  rt  ft  ^ 

n        i.iii 

?  i  g  ? 

-CO 

-  s  s  s 

iSSSS     °Sili     S?SS|     ssss: 
!sisR    sxiii^i     RsS;:!    ^s^S; 

!  ?  g  §  ?   g  g  g  g  g   g  ?  ?  g  ?   g lg  g 


SSSSS  SSSSS  SSSS!;  SSI^SS   S8S  S  S9|?: 

^¥S(-ii^       oo-*w(N       wK-Tvo       vmco^a        SSi       2       *n*i 


11^ 
III 


&      I 


5« 


?l 


SS 


it 


ll  I 


^1l 

151 


! 

f 

! 

i  1 1 

S  5  -B 

.  ^  ^  !■ 


n 


si's:?      1i££i:X      aaf*>       'iSli 


58==     S= 


o  <  a 

ui  3  u. 


^5 

I  u  o 


a  <  u  - 

<  O  O  m 

O  u  o  a 

o  <  a      o  a  a 


<iai 


Z  Z  Z  Z  Z         Z   Z  2   Z 


§§     SSSi 


ISSl 

lis! 

I  z  5  : 


!S5SS      8SS2S 


«  «  «  *  « 


*  *  *  n 
S  S  S  3  S 


Z  i  I  i  i 
36666 

9 


IS?     ;;vi* 

00000  00000 
??511 

mil  iiiii 

s  s  3  S  s  s 


illll  illli 

66666  66666 


I  s  :  I  t 

III  it 
66666 


00000  00000  00000 

SSSSS  ||S:2  3SSSS 

__  gllll  Illll  2IIII  Illll 

«?    ;3;:!$    !$;99S  ssssis  sissss 


GREAT  FALLS         11 


?  J 

I  I 

^  I 

X  e 

'■-'  i 


* 


3 1 


lOO    OOOQQ    OaoOQ    QO< 


gg.OO    oggoo    ooo 


nSSSS   $rtS2S  S§22o   °SS2®   ®S''2*'   oo« 

cotNotnija        OjBSR"S        "'-'nSm        eovoj^S        S        lSr»S        5S( 


s 


<3         si   3=5:il-33ii|s»l-i 

*J  >C        92aj     '     3i,33     w-     Cy     .3     _3 


8|>-  3  '|.3a  S".|s  J3 

31?    I    iisiS    il^zi    1|    5i    ill 

<<o   o  aaSaa      sSsi<      Sa      so   o3« 


2  ?  i 

1:^2 


■*ii?     IS??-     **f?'     »====     === 

'  cc  oc  S  S      S  0  ;  S  <%     c  i3  I  I  c      c  s  1 1 1      III 


QoQoS   aSogS   oSSSa  SS<82   <oH5S 
<<aoQ   Q  q  <  S  Jd   <<<<S   oqOo"   2  q  J^  o  < 


3  CD  o   9"S92   22S25   <9o<a   o5i 

QQO         0<Qo<i>         ai  U  a  O  <         QOQOQ         <OmSo         OoI 


S5335  SSSoS  8SSSS  S8828  88882 

flSgg   ^Zg|Z   5SSnS   nilii   2Z2Z2 


66556  66666  III  56  65666     66  6  66     666 


ooooo  oooag  aoooo  ooooo  ooooS  iS  o  i3  c  = 
iiiii  iili^  sssss  sssss  sssss  sssSo 
SSSS2  sssss  sssll  mil  IIIII  iflll 


,111  A  I  I  Ai  I  : 


o  □  o 
i  S  i 


Ill ;  I    f 


=    «5S         »ci         5  "S 

liil   III   t  II   l|   ll: 

z2S:        u.  U  £        X        UU>i.<iX        CUI 


II 


Mil  I 

u.  S  c  u  O 


S£l 


"S     S         388 


8  000  99099  00000 

ssss  assss  SSSSS 

0000  =  o  g  o  g  ?  ?  t  i   g 

£  =  g=  £!22g:  S22£:      =  ■=  S  2 


s  c 


g  S  g 

=  2S 


SSSfS 


2SS2 


I^Ovkfla  at  r^    r^   r^ 


I    ill    li^iS 


•3  •  -6  • 


S  S  X  _   ^ 

oaoSQ      i5oaa 


'*  s  !  «  X 

-I     »     3     3     3 


I  I  s  I 
111! 


1    f 


in 


a      ••!  3  S      jS  •, 


if? 


II 


5      55s      5i5-£ 


0<Q        qOu  O(0<(j™        ai<Qi 

i  a  o  a      uO<acD      oaaa<       cDa< 
><aia)u       ooouO       <o<i 


o  <  Q 
i  o  o  a 
I  u  <  o 


z  z  z  z 

SSSS 

z  z  z  z  z 

S  S  i5  S  S 

iiiii 

iiii 

i 

ill 

iiiii 

s  3  :  1 

s  s  s  s 

Hill 
lUII 

i  i  i  3  S 

s  s  s  s  s 

IJalJ 

lUl 

Jill 

i 

ill 

S  i  3  3  3 

1  s  a  2  a 

c  0  0  a  0 
9  2  2  2  2 

§2222 

^2S2S 
3  3  3  3  3 
2  2  s  2  2 

1112  2 

M8MGI27 
MBMGI28 
MBUGIIO 
MBMGI3I 
MBUGI32 

5S2; 

5  5  3  3 
2222 

iiii 

1 
i 
I 

3 

2 

i 

III! 

MBMG141 

MBMG17t 
MBMG172 
MBMGI73 

SSZ3.S 

SSiSSS 

5SS3S 

S3SS 

S 

= 

2  =  r  £ 

2  =  22S 

GREAT  FALLS         13 


I  8     83 

5     ^     i     4 


3    « 

"  5  15 


="        .?     .? .?  --  J  I 


»i        w  u>  a  « 

,?  »  •   o    4 

a  CD  Q  o  o 


s::^ 


I  o  o  9  o 


!t 


8 


!  1       I 


«  It 


I  Mil  i  1     nil      ui    li    ^  ^  ill 

-2  IsSlHSS  |2h«  SOJsfS         Ofsa?- 


li   i   i       Ilii       i|l|  II     I  !i 


t  S  E 


;  =  =  =  =       S       _  |s  =  =-  =•8'*       |=-?«      i  = 

(j<0(do   o   o      cja<<a    Q<o<   q<cdo<   qSqSo 


§8885    88SS  88?22  ^:^S2 

2Z2ZZ      2ZZ2    22ZZ2    ZZZZZ 


|l|l|  I  1    lllli  ill!  llill  lilil 

6o66<j  6  6     66666  5666  66866  66666 

ij5533  Scocc  C3S53S  =5335  55535  55555 

iiiii  12|22  l^^^i  2^222  sssss  sssss 

55555  5?5?3   llfsS  lliil  |||||  ||||| 

5sss!5  ssssa  sssss  sssss  ;3;;s  $5553 


GREAT  FALLS 


6 

1  I 


c    c    s"  O 

i,i2i 


?      1 

J, 5 

iki 


ig 


8S     SSSS8 
S  3     ;  S  $  S  S 


!  f 

■i  IISS!  IISI! 


J3  I 


,    .    g    o  g 


ovtotfi       conAffir^-       to^noDjo       jKSa' 


CO  ^ 

<    I 

•-       I 
<      o 

c       ^ 

3L 


5  J: 


»   »   I    E   « 

i  I  :  I  i 

3  3  S  O  O 


C  .«  £  :;i 


S<3 


J     il<l<:i|     iiil3     o^ciS     llacl     oia^A    ^ii£a 


z  z  z  z  2      zzzz: 


fNS^*-<N  P^SlfiO  «»r*f*^ 

fsrtfMnw  Rnno**  ••o^^o 

:2S:S  888S8  8S2r: 

zzzzz  zzzzz  zzzzz 


6666;  iii. 


^1^' 


i  3  >  s  8 


£  £  s  s  . 
s  s  s  s 

o  a  n  OD  I 


Si  ? 


S  S  Z  S  £ 

iff:: 


i<N(joQ        (JCOOO        ooo< 


l§ 


S  £  S 

sill 


s  s  :  £  s 

I  I  I  I  I 


:  s  s  s  £ 

1 1 1 1 1 


2  2  2  2  3 

I  2  2  2  1 


2  2  2  2  2 

III  II 


GREAT  FALLS         15 


<3        I 


1     ijJ     iii     I 


S3        3     S     S     S     S 


^SSSS     SI 

o   o   g   o        o 


-  2o"   2922°   ^''^^SS   22ogp   goooo   ooooo   qqo   o 


-.  ^  a  =   a   I       ,2  I  .2  .2 


in» 


03000   o   o      d^oo     OOOI 


.  3 

5  __i_-   _-ffi  -_i=_   _i __s_  '  "  ^ 

^  siSii     si^Sa  IsS^s     idiii     slsll     1 0 =     I 

I  -3  Q  ~  S 

3  I  S  8 


3  uituuiujuj  ujujujuiu  ujujujujiu  ujtuuiuuu  mujiuujui  33%  S 

3—         f**CNrvi(-»n  n^n«r>  (NOCpootM  r)r»«<N(N  mno*  —  —  SSS  fi 

*       --• --^^^  ^-63^  ^-^^o  boooo  ooS  o 

Z  Z  Z  Z  Z  Z  Z  Z  Z  Z 


r^SolSS  JnSSrifn  S-222  m^wmm  ♦  —  gwo  io<rw|  — 

2a         OOOOO  Of*<000  OOOOO  OOOOO  OOOOO  OOOcO 

«^1  iilii  iiiii  iiiii  1^^^^  ^i^^^  sssfs 

'^  3SSS2  sSiil  iiiii  ifiii  i||||  |iig| 


(iHhAI  fALLS 


S        *: 


z  2  z  z 


II 


si 


silt 


s  1 1 

<  o  o 


•   6  ' 


issi      ii 


o    g    g    g    , 


;  s  s  i 


a?  s 


Sie    2    ::r       ass; 


ISIS 


^     i 

I     t 
"      s 


u> 

.£■ 

- 

S 

15 

8 

•J 

't 

< 

u. 

3 

in 

I 

II 

J 

K 

% 

!i  : 

S 

!l 

1  a 

1  s 

< 

CJ 

£     3 

s  « 

*     •     -     1 

C 

5  i 

O 

1 

1  I 

Q  O 

S  1 
M  a 

o 

!! 

o  o 

i  i !  i 

S  M  a  X 

1  ^ 


1 

1 

s 

0 

z 

l"2 
II 

1 1 1 1 1 

1*1"  1 

2  O  O  3  O 

'A 

28 

.H  a  i  .ii 
a  o  o  o 

f  _ 

<»S 

S  0 

lllll 

nil 

o  o       o  o 
z  z      z  z 

SiQ      SS 


o  o 
z  z 


nil 


<  < 

Q  O 
O  Q 


o  o 


o  o 
z  z 


<  <  s  a  u 

<  Q   B   s   U 

ta  a  m  m  u 


0000 

z  z  z  z 


fl 


OOcOO         CcOCc 

iilif     filil 


I"?     sssss     s 


iiii  f 

5  S  !  S   ? 


filil 


00000 
sis  s  s 

SS5S8 


c  o  o  o  o 

°  s  s  s  s 

lllll 


GREAT  FALLS         17 


i|i»i       *§f  ill                  lilloirisll 

O       XmXuS           o-^u  Oaa                             coa  coo       £aa       oaXaZ 

♦-  Q            ,  _i_ia  uiOt-ooo.So 

'»                                i  X          J  jjC  -iocu.fl:Q:ccH>(r 

"0                                   —  -J           —  — ^-i  otr*(Ecccc_j_i 

^a                                                     S  U                K  .-W          O  SkSk         5   t   K   <   CJ 

—  Z           -  — 2Z  ^Oj-oooNO  — 

—        S^'SC                  S:S  SSSS*^                        !P  O             n        n  n  n  T^  m 

■     .        C4  ■m-  c*  ot                  fMco  oofNOT—                        r*  rv             ^        tt  n  n  n  ^ 


31 


"  g  • 


ooooo        ooivog        QQOO^IO        ntdncDiD        r^c^oioo 

Snoiooto        rwuinrtto        OQ^ar^        3l<3^atow        S«S2^ 
(d^^B       p.aif~ns       S«g«<e       83""'       SSSSS 


J  iiiij  if  i  if  ji  iiiii  litii  il  ! 

V  SSSS"   J=a  5   5353;  >=c52  JEcgs  See  if 

X  ooaon   ?«S  o    occCK  i««S«?  !o33-r  erS  o 

w  a  a  aa  2      max  a      a  o  i  5  o  o  ^  2  £  £  i  a  S  a  i  Soz  z 

1  ■S  ?                                         a  5 

ill                        Z  El  ^             i  I 


s  =  = 


<«  iiisB  xii^i  iiiii  iiiii  £iStis  IIIII 

i  %  a  ~  2SoS  °o8o2  oSs:S  2o8SS 

'3  I  3  oSoo  S3oS3  SoSoo  SSooS 

c>-  ??S*  Oconi       o  oaaiQQ  <<<a<  <uamoD  omOoO 

2!i  -°~S-  2SSn"  SS!^nX  21232=  -r»j>cg  onno- 

=  <X  «  -ootM-  rtoooo  Ocsnrtn  nnctcsN  enc^n^o 

ji  ooooo  ooooS  2::;S  811  =  ::  z222"  22882 

I-  S5S5S  SS5SS  S5555  5SS55  S«iii  iinl^ 

c  ce  Sss"  •«ai«iS  33333  33^^^  „„33™ 

2  22222  I2S33  sllll  ilill  iliaa  aai|| 

3  ^i^^::*:  »:c3666  65665  66668  66XZ£  £i66l 

sj  oaoo5  o5oo5  o'^t^c;*^  Sa^SfS  SSSSoI  nSJnSS 

s|  sssss  sfsss  siiii  iiii5  i;5ii  ii?^? 

U.3  eammtDca  CD^aoca  oi^il.A^  ^^^^^  222SZ  ZSSSS 

2S32S  s  !?  5  s  s  s  S  S  5?  S  E^  S  iS  S  S  SSSSS  SSSSS 

SSc  ?S)5322  SSSSiG  ini£j^£.o  j»£iSui(B  cacDtotcuS  3<o«>t8ri 


(,IU  AI  rAl  i  s 


'      I 

i     * 


US: 


>  d 


I  - 

S  CD 

0  I 

II  s 

1  1  K  s 

III! 

I  X  O  u 


'-1  ! 


«  -3  o 
<3      I 


3S 


Js  ;  s  s 
a  ~  o  o 

p       9  r  ^  ^ 


l?g 


GREAT  FALLS     19 


GREAT  FALLS 


GREAT  FALLS 


CiMmial  AnalyiM 


Mv  Collection 

rmt.  Looilion  dai» 

no.       T     R    SacTrsct    Mo  Oav  Vr      Sou 

57  25N  06E  35  OCCA   01  14   77   Will 

SO  24N  06E  28  OCCO   01  1      77   Wtll 

78  34Nase28  0OAA    01  16  77   Wtll 

103  23N11E24COOA  01  16  77   W>ll 

107  23N13E02COOA  01  15   77   VMU 


Mmw  BiCK-       Cv- 

Iron        naw        StiicS    bon«»     Oonata   Chlorid*     SuMtn 
IFtI      IMnI       (SHX,)   (HCO,)       ICO,l       lOI  ISO.) 


11.8  620 
21.2  886 
12J6       1533 


1164 
1878 
2442 


108  24N  12E  32  AAAO  01    15  77   Wall 

109  25NI2E27A6C8  01    15  77   Wall 
124  22N11E15BCC8  01    1!  77  Wall 
13S   21N07E13SAAA  02   18  77    Spring 
148  21N13E07BBBC  01    IS  77   Wall 


laj 

1SX 
11.6 


1306 

39 .8 
1840 


156   19N13E29AAA     09  21  76   Wall 

167   19N13E29BC8D    09  21  76   Wall 

187   16N14E07BOAA    09  31  76  Wall 

218  23N01W03AAC     01    17  76  Wall 

334  34N03W32ADC     13  08  76  Wall 

347   33N03E07eCCB  04   IS  76  Wall 

363  31N11E068  07   18  7S  Wall 

353  21N11E06BBCC  04  07  76  Wall 

354  31N  IIEOI  O80O  04  07  76  Wall 
385  33N  08E  04  DOB8  04  06  76  Wall 


256  22Na8E0BA  08  20  73  Wall 

257  33N  066  3S  AACC  04  06  76  Wall 
268  33N  OBE  34  AA8B  04  06  76  Wall 
369  33N  1 1E  30  0088  04  07  76  Wall 
360  33N  11E31A            07    18  75  RaaawMr  335 

261   22N  1 1 E  31  AQAC    04  07  76   Raaarvoir  436 

362  22N13E27CCOC    01    15  77   Wall 

263   18N13E3SOOO     09  31  76   Spring 

364  19N13E23BAC      06   11  73  Wall 

365  19NI3E29BCAA   04  07  76  Wall 


164 

358 

346 

13.6 

390 

1975 

4600 

28 

525 

5«0 

480 

23.9 

426 

592 

340 

6.7 

430 

850 

688 

35.4 

90 

712 

880 

35 

314 

154 

430 

35 

424 

6700 

5360 

45 

446 

6295 

5600 

4S.0 

410 

116 

330 

8.7 

460 

4180 

9800 

100 

77 

114 

700 

30 

335 

326 

530 

34.4 

436 

732 

1120 

35 

61 

S6J 

1010 

5.5 

40.3 

44.6 

33.8 

1.4 

366   I9N  13E39BA88    04   10  76   Wall 

267  19N  13E  29BCCC    04  07   76  Wall 

268  23N  OSE  33  OCAC  04  06  76  Wall 
389  34N0eE10  8CBA  01  14  77  Wall 
370   16N  13E01  0080    08  21    76  Wall 


91 


108 

1&S 
10J 

ia6 


53.1 
18.5 


1J7 

8.9 

1453 

.13 

24.1 

718 

.06 

XO 

36 

JM 

1.0 

376 

.02 

9.7 

1000 

<.01 

10.6 

394 

.01 

12  J 

385 

JO 

8.3 

817 

<.01 

11.3 

383 

<.01 

12  J 

488 

1808 

27S« 
1808 
16623 
3341 


4766 
4672 
1634 
38736 

36730 
1618 

38010 
1578 
2291 

4913 
1587 
46J 
106 
3884 

564.6 

321 J 
19360 
600 

9618 


Note    All  cnamical  data  i 


tilligramf  par  litar  Img/I)  unlaai  othar«(n«a  ttatad 
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MM) 

Fluo- 

FMa 

r«f. 

Nilrsn     rid> 

Lab  Tom 

no. 

INI        IFI 

OH         C" 

57 

.2<0    1.0 

8.16       9 

60 

.388    1.7 

751      12 

78 

.023    3.0 

7.38     15 

t03 

.039      S 

7.49     12 

107 

S.777      .4 

7.63       S 

9«cif(c      Oiswivad       Totit  Tout 

uonducuno     KMidt       Iwrdnm     allulinitv 
tamno/omi    laiel      m  CiCO,    aCiCO, 

3749  2681  178  608 

3476  2985  1790  239 

2862 

3890 

6768 


WXI  Tnea 

Cotl«eting  dMKh     Aquifar  tlonanu       Ljb 
agancv       (ft.)         coda    analvzvd  numbar 


108  .032  IJ  8.46  20  3737 

109  .156  1.8  8.43  14  3722 
124  .108  9  7.70  6  2909 
138  10.844  .5  8.33  S.2  677 
149  .158  .3  7.48       7  3871 


22S3 

1260 

3288 

1370 

5209 

728 

2608 

114 

2517 

24 

2302 

302 

156 

.566 

6.1 

8.32 

14 

3910 

2937 

667 

468 

157 

12390 

2.2 

7J7 

16 

1270 

797 

458 

373 

187 

.084 

.6 

7.22 

15 

3475 

2839 

147'; 

314 

218 

82.803 

.9 

7.70 

12 

21700 

24230 

9100 

729 

224 

158.14 

.2 

7.53 

7 

6485 

5475 

36'0 

300 

247 

10.392 

.3 

4.08 

6 

6340 

3500 

252 

237.300 

a 

7.98 

15.1 

9579 

7281 

4570 

492 

2S3 

25.189 

.1 

7.75 

3 

7354 

6478 

315'. 

151 

254 

.228 

.3 

7J1 

15 

3368 

2736 

117C 

416 

255 

2SS.7» 

M 

7J7 

8 

34630 

5OO50 

288C'-. 

442 

256 

918 

.9 

7.46 

18.4 

317000 

soesc 

447 

27100 

257 

.188 

.4 

7.80 

13 

3048 

2592 

150C 

271 

258 

397.602 

.5 

7.89 

18 

40120 

5178« 

183""-. 

1190 

259 

4.609 

.5 

7.73 

18 

3927 

2897 

661 

589 

260 

108.672 

.2 

8.62 

22.5 

4705 

3751 

1930 

49 

281 

205.128 

.1 

7.66 

IS 

9563 

7871 

41 OC 

308 

262 

.029 

1.1 

lay 

12 

4348 

3272 

385 

820 

263 

16.491 

15 

732 

11 

672 

338 

284 

241 

264 

2 

8.41 

638 

400 

175 

2S8 

288 

2.824 

25 

798 

9 

7486 

6309 

1900 

870 

266 

9.443 

2 

8.10 

8 

1677 

1181 

668 

314 

287 

12.719 

2 

8.15 

10 

1462 

900 

464 

408 

268 

133.852 

.6 

7.68 

10 

24060 

27890 

13300 

989 

28B 

.678 

.4 

8.12 

9 

1606 

1056 

S89 

307 

270 

97i93 

.6 

7.74 

15 

13180 

13910 

6880 

493 

271 

3J19 

.6 

7.64 

9 

8051 

7809 

3610 

315 

272 

<.0M 

.9 

7.17 

15 

13830 

15430 

8410 

514 

28j 

MBMG 

185 

211CLnO 

Yai 

76M160I 

2.4 

MBMG 

1618 

217KOTN 

Yai 

76M16Ca 

3.1 

MBMG 

2022 

221SWFT 

Yaa 

76M1616 

SS 

MBMG 

135 

211CUflO 

Ya« 

7SM1617 

2SJ 

M8MG 

184 

211EaLE 

Yaa 

76M1613 

360) 

MBMG 

481 

211EGU 

Yaa 

76M1614 

82.4 

MBMG 

302 

2116GLH 

Yaa 

76Miei5 

8.8 

MBMG 

70 

211CLHD 

Yaa 

7SMI609 

0.7 

MBMG 

211  MSB  Y 

Ho 

76M1642 

XS 

MBMG 

17 

1120BFT 

Yaa 

76M1610 

12.8 

MBMG 

24 

110TIWC 

Yaa 

76M124S 

23 

MBMG 

28 

110TBRC 

Yaa 

76M1347 

33 

M8MG 

28 

211CLB0 

Yaa 

76M1240 

203 

MBMG 

97 

210CLSO 

Yaa 

76M1618 

33 

MBMG 

90 

2iicmo 

Yaa 

78M1477 

23 

MBMG 

27 

1120RFT 

Yaa 

76M0391 

1.1 

MBMG 

25 

211CLB0 

Yaa 

75M17S3 

63 

MBMG 

290 

Yaa 

78M0334 

9.3 

kMMG 

YM 

78M0337 

133 

MBMG 

13 

112T1LL 

Yaa 

76M0332 

143 

MBMG 

Yaa 

72M0636 

33 

MBMG 

112T1LL 

Yaa 

76Ma221 

313 

MBMG 

IITTILL 

Yaa 

76M0330 

113 

MBMG 

25 

Yaa 

76MaS26 

13 

MBMG 

1 

211CLH0 

Yaa 

7SM1761 

7.6 

MBMG 

1 

Yaa 

7SM033S 

23.4 

MBMG 

70 

211EGLE 

Yaa 

76M1913 

03 

MBMG 

llOTRRC 

Yaa 

78M1236 

lA 

USGS 

231SWFT 

No 

73M0a83 

14.0 

MBMG 

13 

110TBRC 

Yaa 

78M0329 

23 

MBMG 

33 

110THRC 

Yaa 

7eM0338 

3J 

MBMG 

33 

IIOTRRC 

Yaa 

78M0228 

15^ 

MBMG 

33 

112TILL 

Yaa 

76M0223 

2.7 

MBMG 

27 

tlQALVM 

Yaa 

76Mt802 

10  J 

MBMG 

28 

211CLB0 

Yaa 

76M1242 

8U) 

MBMG 

23 

110CLVM 

Yaa 

76M0335 

8.2 

MBMG 

28 

211CLHD 

Yaa 

76M1241 
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HAflDIN     17 


18        HARDIN 


□Mtniotl  Anaiyni 


Collection 
Locjtion  date 

R    Sec  Ttect    Mo  Oev  Vr 


Man9e-  Bicar-        Car- 

Iron       nete       Silica    bonata    bonata  Chlorida    Sulfata 
IFe)       (Mnl      ISiO,)   (HCO,l      ICO,l      ICII  ISO,) 


3  03N  37E  26  DACD    06  21   73  Well 

4  03IM  37E  3S  CDS      06  25   73  Well 

5  a3N  37E  36  CDOA    09  03   73  Sonng 

6  03N  39E  36  BACO    07  36  73  Well 

7  03N41E2SCCOO    07   34  73  Creek 


3  03N33E10OO  10  17  21      Well 

9  a3N33E15Be  10  17   14     Well 
1 1    07N  33E  35  CD  Well 

13  02N  37E01  ADBA  Soring 

14  03N37E08AOOC  06  25  73     Well 


22 


15  02N37E20ABOe  06  36  73  Well  6.4 

16  02N3aEO7OCCC  Well  58 

17  02N38Ea8ACOA  07  03  73  Spring  163 

18  02N38E16AOAC  03   IS  74  Soring  110 

19  02N38EI8ABaB  06  26  73  Well  39 

20  02N38E  19AC0A  07  73  Soring  434 

21  02N38E20BOAC  07  73  Well  11.1 

22  02N  38E  23  BSA8  07   33  73  Well  35 
33  OJN  38E  30  AABO  07  09  73  Soring  36 

24  02N  38E  30  BCCC  10  05  73  Spring  24 

25  03N  38E  32  AB08  07    10  73  Well  184 

26  02N39E05SCBO  09   13  73  Well  54 

27  02N39E05  0OOC  09  13  73  Well  249 

28  02N  39E  12  CCCB  11    10  73  Well  3.4 
39  03N  39E  23  CAA8  07  36  73  Well  51 


15.7 

14S 

12.7 

to 

12.7 

.06 

93 

.06 

10.7 

14.7 

1004 

12.0 

557 

4.6 

3060 

7.7 

10S3 

1317 
980 
4184 


M  02N  39E  24  CDA8  07   25   73  Well 

31  02N39E35ACDC  07   12  73  Well 

32  03N  39E  31  CBCO  10  04  73  Soring 

33  02N39E32DDCX3  07   11    73  Well 

34  02N39E34A08B  07   10  73  Well 

35  02N  39E  34  0406  07   1 0  73  Well 

36  02N  40E  06  CBCB  07  25   73  Well 

37  03N40E  18  CUBD  10  06  73  Spring 

38  02N4OE30BAAC  07   13  73  Wall 

39  03N  40E  31  t3CCD  1 1    09   73  Well 


9.6 

1553 

22 

3130 

11.7 

2232 

10.5 

1946 

11.5 

1482 

7.3 

960 

12  J 

1134 

18.6 

1884 

12.3 

1656 

40  02N  40E  32  B8AB    07   31    73  Well 

41  02N40E35GOCD    07   13  73  Well 

42  03N  41 E  01  DBBA    08   30  73  Well 

43  02N41E03  0BBA    11    01    72  Well 

44  a2N41E09BCBC    07   24  73  Creek 


45  a2N41E10BCBC    07   19  73  Well 

46  07N41E  17  AOAO    10  03  73  Soring 

47  a2N  41 E  21  CAOA    1 1    09  72  Well 

48  02N  41 E  24  CAAA    06  1 1    75  Well 

49  02N41E27BCCC    09   13  73  Creek 


.03 

11 

363 

.01 

15.7 

529 

.10 

14 

544 

.03 

15.3 

703 

Note:    All  enemicii  data  ara  qiwn  in  milligrams  par  iittr  Img/lt  untati  otharwiia  statad 


of  S«ltct«d  Waters 


(umho/cml      (caicJ 


9.04 

12 

63« 

376 

8.63 

1.2 

1530 

1027 

8.9/ 

29 

3330 

2258 

8.34 

135 

1390 

944 

8.18 

195 

6170 

SI  46 

720  14 

3.06  13.5 

8.73  105 

8.73       1.1 

3.00  10 

8.78  21 

8.02  23 


7.77 
8.49 
8^7 
8.12 
8.61 


11 


1.3  7.64  13.1 

.271     5.9      8.29  11 

7.95  13.! 

.068    4.2      3.55  13J 

406       2      7.98  27 


045 


8.10 
7B3 

7.85     12 
8.03     12.5 
7  93 

739  16 
8.39  11 
8.02     13 


7.93 

7B7  11.5 

8.80  11.5 
8.02 

23 

7fl8  13 

3.49  14 

7.96  10 

7.49  10 

8.21  23 


1750 
2274 
1522 


2890 
2210 
6633 


3030 
5060 
3760 
3990 
2940 

2050 
2840 
3700 
3360 


2670 
378 
3290 
4230 

1790 
2798 
3350 


2362 
1648 
6288 


2586 
4797 
3470 
3060 
2532 


2152 
3188 
2755 


Total 

Toul 

Sodium 

ntrantit 

alkalinity 

adsorption 

Coll«CTin 

aiCaCO, 

as  CaCO, 

nilio 

a«micv 

105 

338 

4.7 

MBMG 

18 

487 

39.0 

MBMG 

1810 

429 

3.0 

M8MG 

13 

708 

45.6 

uses 

3000 

505 

6.7 

MBMG 

388 

427 

8.2 

uses 

173 

536 

USGS 

680 

35* 

5.1 

USGS 

693 

268 

1.1 

MBUG 

244 

451 

13.7 

MBMG 

32 

773 

545 

U8MC 

594 

292 

18 

MBMG 

350 

358 

6.6 

U8MG 

1180 

436 

1.6 

MBMG 

768 

342 

15 

MBMG 

2750 

300 

3.0 

MBMG 

268 

358 

14.1 

MBMG 

590 

332 

1.2 

MBMG 

275 

24? 

.3 

MBMG 

330 

29S 

.7 

MBMG 

1490 

597 

25 

MBMG 

585 

265 

5.7 

USGS 

2940 

576 

7.3 

USGS 

9 

658 

463 

MBMG 

534 

429 

2.1 

USGS 

1040 

417 

6.1 

USGS 

2630 

552 

4.7 

USGS 

2110 

468 

3.1 

USGS 

1780 

422 

3.2 

USGS 

1760 

592 

1.9 

USGS 

1170 

397 

1.2 

USGS 

no 

464 

283 

USGS 

1560 

602 

5.3 

USGS 

640 

369 

11.4 

USGS 

968 

393 

1.1 

USGS 

566 

396 

4 

USGS 

1530 

641 

1.9 

USGS 

462 

244 

.6 

USGS 

994 

309 

7.1 

USGS 

2060 

327 

45 

MBMG 

826 

298 

3 

USGS 

1450 

466 

25 

MBMG 

1150 

446 

6.3 

USGS 

700 

576 

.4 

USGS 

2150 

377 

2.9 

MBMG 

W«M  Tract 

CollKTing   depth     Aquifer   •lernvnts 
cod*     snalvztd 


No 

74M109 

No 

73M600 

1 25TGHV 

No 

74M0029 

12STLCK 

No 

73M661 

VM 

73M583 

211HLCK 

No 

21M0103 

211HLCK 

No 

14M0003 

No 

OOM0024 

No 

73M0596 

1 2STGRV 

No 

74M20 

No 

73M0601 

125TGRV 

No 

73MS98 

125TGBV 

No 

74M125 

125TGnV 

No 

74M120 

12STGHV 

No 

74MJ1 

12STGRV 

No 

73M597 

12STGRV 

No 

74M0030 

No 

74M119 

No 

74M124 

125TGRV 

No 

74M0220 

125TGRV  No  74M221 

1 2STGR  V  No  73M807 

110ALVM  No  73M800 

125TGRV  No  73M14 

12STGRV  No  73M662 

125TGRV  No  73M664 

125TGRV  No  73M6S2 

12STGRV  No  72M760 

I2STGRV  No  73M6S0 

12STGRV  No  73M649 

125TGRV  No  73M648 

1 25TLCK  No  73M863 

125TGRV  No  72M761 

125TGRV  No  73M654 

12STGRV  No  73M13 

12STGRV  No  73M6S1 

12STGRV  No  73M653 

125TGRV  No  73M804 

125TGHV  No  73M10 

Yei  73M982 

1 25TGR  V  No  73M6S6 

12STGHV  No  74M17 

125TGRV  No  73M12 

t2STGRV  No  75M0S89 

Ves  73M5ai 


20         HARDIN 


OMfmcil  AnalyiM 


T      R 


Coll«tion 

Magne- 

ation                   d>I> 

Calciurr 

1     tium 

Sk  Tna    Mo  Oiv  Yt 

Sourci       (Cal 

(M9I 

IFtI      IMnl      (S<0,l   IHCO,) 


boMte  cnioridt    Sultou 
ICO,l       101  ISO,) 


60  a7N4IE30  0O«A    10  02   73  Wtll 

51  07N  41  E  33  1x00    08   12   72  Creek 

52  02N41E34B  07   24  73  Cf««k 

53  a2N41E34BCCA    06   12   72  CrMk 

54  a2N  41  E  35  DASO    09  25   73  Wtll 


11S0 
1E12 
230e 
2418 


55  02N  41E  35  OASD  02  04  74 

56  02N  41 E  35  DASO  02   04    74 

57  02N  42E  04  OACA  08    30    73 

58  02N  42E  05  CABB  06   30   73 

59  02N42e06CaCO  11   01    72 

60  02N  43E  12  AC  10  03  7} 

61  02N43E12CBAC  10  03   73 

62  a2N43E18AAAC  06  12  75 

63  02N43E20CABB  10  02   73 

64  a2N43E27CCSC  10   19   72 


Spring  286 
Wtll  236 
Will  91 


I18J 

9.9 

156 

8.9 

4123 

6.7 

1063 

7.7 

77 

5.2 

398 

175 

312 

17.2 

17.3 
15.3 
11J 


11.7 

2750 

11.4 

2236 

49 

1766 

33 

623 

34 

1247 

65  02N43E30BOOA  06   12  75 

66  02N44E  21  DOOC  10  26   72 

67  02N  44E  33  OAAC  10  20  72 
6S  02N  44E  33  ODAC  09  1 3  73 
70  01N33E  16  AO  09  09   16 


Wtll 
Wtll 
Wtll 
Wtll 


72  01N33E27B  09   18   16     Wtll 

73  01N33E28CO  Wtll 

74  01N33E28OOO  09   15   76     Pond 

75  01 N  33E  32  AB  Wtll 

76  01N37E06ACAO  07  09  73     Wtll 


136         27  W 
103        400 


77  01 N  376  13  CCAD  07  29  72 

78  01N37E  15  C  07   21    73 

79  01N37E24CACC  07  29  72 

80  OtN  38E  22  CAOO  06  29  73 

81  01N38E22CCCC  07   18  72 


82  01N38E29ADCA  07  21    72  Wtll 

83  01N38E29AOCA  07  21    72  Wtll 

84  01N3SE29AQOA  07  31    73  Wtll 

85  01 N  38E  29  OBBB  08  1 1    73  Soring 

86  01 N  38E  30  OAOO  07  30  72  Sonng 


24 


87  01N  38E  30  OOAO  07  30  72 

88  01 N  38E  30  OGBD  07  30  72 

89  01N  39E  05  CCS  07  05  73 

90  01 N  39E  22  DOOC  07  25  73 

91  01N40E02BA8D  07  24  73 


Wtll  55 

Wtll  25 

Wtll  20 

Spring  121 

Soring  380 


12.6  1402 
S3  918 
13.2      18S2 


92  01N40E02BCAB  07    19  73  Wtll 

93  01N40E02COCC  10  02  73  Wtll 

94  OIN40E12CBBA  11    02  72  Wtll 

95  01 N  40E  1 3  CCOC  04   1 4  75  Wtll 

96  01 N  40E  1 3  CCOC  05  29  75  Wtll 


46 


iilligramt  ptr  littr  Img/I)  unltn  othtrvwtt  nand 


1  '  >  2"  Sheet  iCon't.) 

of  Selected  Wateri  (Con't.) 


(Nl 


rMie      U6    Temo. 
(Fl     tiH         c" 


Oisiotvad       Total  Total  Sodium  Well  Trace 

solids       hardnasi     alltalinitv    adsorption     Collecting   deotti     Aquifer  elements       Lab 
tumho/omt      IcalcJ       as  CaCOj     as  CaCO^         ratio  agencv        Ht.i         code     analyzed    ntjmtMr 


^58 


7.66  13  3076  2695  1310 

.271       .2      8.09  20  2220  1838  1180 

.067      .2      3.23  25.5  2881  2533  1630 

4.292       .2      788  18  3560  3458  2160 

2.259  7.87  3770  3632  2620 


3510 


3220 


2320 


.067 

8.45 

11.5 

20S8 

1485 

.  217 

067 

.1 

3.29 

II 

2072 

1708 

1150 

.158 

7.69 

12 

1680 

1304 

938 

2.485 

.3 

7.79 

12 

4390 

4182 

2470 

.746 

.1 

7.73 

11 

3660 

3424 

2030 

3.61 

.9 

733 

11 

4841 

3181 

464 

1.107 

.1 

7.8V 

9.5 

1650 

1194 

304 

2.937 

■« 

13 

2800 

2142 

841 

.32 

3.8 

8.25 

13 

1843 

977 

10 

.068 

.6 

730 

11 

2030 

1882 

900 

.090 

.4 

732 

11 

4360 

3245 

391 

1.784 

.3 

8.26 

125 

4766 

3607 

173 

5 

7.50 

9 

5470 

4396 

390 

.05 

7.40 

17 

1100 

712 

230 

-5 

7.30 

3 

2010 

1580 

304 

068 

9.00 

2074 

1539 

301 

2.485 

1.3 

737 

10.5 

1450 

1104 

738 

6.777 

.3 

8.70 

2.3 

4950 

4333 

2320 

.587 

.4 

8.23 

12 

810 

490 

436 

2 

S.12 

3425 

2831 

1420 

3 

7  94 

6 

1960 

1432 

643 

.578 

.2 

8.07 

135 

316 

503 

435 

4357 

.1 

8.06 

10 

925 

570 

493 

.565 

.3 

7.95 

8 

1520 

1110 

809 

.633 

.2 

8.21 

20.5 

1340 

908 

763 

313 

.1 

8.54 

742 

467 

365 

49.700 

8.21 

7.4 

1360 

775 

680 

1.107 

.1 

8.21 

9.2 

657 

396 

349 

.045 

.5 

8.18 

12 

3140 

2326 

34 

.067 

.4 

8.05 

2160 

1735 

1340 

.135 

.3 

7.47 

17 

2930 

2784 

2060 

3.479 

., 

737 

9 

483 

282 

257 

.158 

.2 

3.09 

11 

1258 

923 

720 

3.61 

.2 

732 

10.5 

1660 

1296 

930 

.23 

7.87' 

13.5 

2943 

2520 

1810 

.29 

.1 

7.17 

13 

2326 

1883 

1440 

15 

M8MG 

125TGRV 

No 

74M224 

13 

M6MG 

No 

72M623 

2.3 

UBMG 

Yes 

73M580 

2.7 

UBMG 

No 

72M622 

1.0 

MSMG 

No 

73M745 

1.1 

MSMG 

No 

74M206 

2.4 

USMG 

No 

74M205 

12.2 

UBMG 

125TGRV 

No 

73M806 

1.4 

USGS 

I2STGRV 

No 

73M80S 

1.1 

uses 

12STGBV 

No 

73M9 

3.5 

USGS 

tJSTGHV 

No 

72M7S9 

3.0 

USGS 

No 

73M831 

18.0 

USGS 

125TGRV 

No 

7SM0S91 

7.2 

USGS 

No 

73M828 

5.9 

USGS 

12STGRV 

No 

73M3 

56.0 

USGS 

12STGRV 

No 

75M0590 

2.5 

USGS 

12STGRV 

No 

73M3 

20.9 

USGS 

125TGRV 

No 

73MS 

37.7 

USGS 

125TGRV 

No 

73MSt3 

USGS 

190      211BRPW 

No 

16M0O17 

USGS 

12      110ALVM 

No 

16MO018 

155 

USGS 

No 

0OMO028 

4.0 

WQ8 

Yes 

76W2218 

3.0 

USGS 

No 

OOM0027 

3.5 

UBMG 

No 

74Mai21 

1.0 

MBUG 

No 

72M0394 

53 

UBMG 

No 

73M0S91 

5 

MSMG 

No 

72M039S 

43 

M8MG 

No 

74M0118 

4.0 

MSMG 

No 

72M0423 

5 

UBMG 

No 

72M0424 

5 

MSMG 

No 

72M042S 

1.2 

UBMG 

No 

72M0421 

3 

MSMG 

No 

72M0618 

1.1 

UBMG 

No 

72M0401 

.9 

MBMG 

No 

72M0399 

.5 

USMG 

NO 

72M0398 

35.4 

UBMG 

12STGRV 

No 

73M647 

.9 

USGS 

125TGRV 

No 

73M660 

.6 

USGS 

125TGRV 

No 

73M6S8 

., 

USGS 

1 25TGRV 

No 

73M6S7 

.6 

UBMG 

100      125TGRV 

No 

74M0225 

1.1 

USGS 

12STGRV 

No 

73M11 

1.4 

USMG 

195      125FRUN 

No 

75M0314 

.9 

UBMG 

149      12SFRUN 

No 

75M0417 

Chamicil  AnalyaM 


Uiip  Collection 

no.        T      R     Sk  Trict    Mo  On  Vi 


Sourct       ICal      lUgl 


Mangi-  Bicar-        Car- 

Iron       n«M       Silica    bonatt    bonatt  Oilorida    Sulfata 
IFtI      (Mnl      (SiO,l    IHCO,l     ICO,l       (O)  (SO4) 


97  aiN<OE  14  BBBB  10  03  73 

98  01N40E  14  BBBB  10  03  73 

99  01N  40E  15  BACB  07   25  73 

100  01N  40E  15  BBDA  05    16  75 

101  01N40E  1SB08B  OS   16  75 


Crnli 
Wall 
Wall 


102  01N40E15BOBO  05  16  75  Wall 

103  01 N  41 E  01  ACAS  09  25   73  Wall 

104  0tN41Eai  OOtC  09  25   73  Wall 

105  01 N  41 E  03  BBBB  07  25   73  Craak 

106  01N4tE03CDOO  OS  20  73  Wall 


1175       11.5       2.30 


870 
2008 

1426 
490 


107  01N4IEa4AABe    U5    16  75  Wall 

108  01N41E07OBBA    10  03  73  Wall 

109  01N4tE  10  AACO    05  16  75  Wall 

110  01N41E10AACD    05  28  75  Well 

111  01N41E12A0OO    09  25  73  Wall 


112  01N41E  12  CBDB    08  02   73  Well 

113  01N41E13CDCD   07   18  73  Wall 

114  01N  41E  16BAB      05   13   75  Wall 

115  ailM41E  23  BCDC    08  09  73  Wall 
.  116  DIN  41 E  27  AAOe    02  04   74  Wall 

117  0<  N  41 E  27  AAOO    02  04  74  Wall 

118  01N4IE27  0AAC    02  04   74  Wall 

119  01N42E  07  C8A      02  04  74  Wall 

120  (nN42E10CCOC    10   18   72  Wall 

121  01N42E17BOOC    02  04  74  Wall 

122  01N42E18AAAe    09  25   73  Well 

123  01N42E  18  AAAS    02  04  74  Well 

124  01N42E19  08SA    08  02   73  Well 

125  01N42E22CAB0   09  06  73  Well 

126  nlN42E25BCDO    09  06  73  Well 

127  01N42E2BaOOC    08  09   73  Well 

128  01N42E33AOeC    09  28   72  Well 

1 29  01 N  42E  34  ACAB    02  01    73  Well 

1 30  01 N  43E  1 7  AACA    10  18  72  Wall 

131  01N43E33BB8B    10  01    73  Wall 

1 32  01 N  44E  04  DA80    06   1 3  75  Well 

133  01 IM  44E  07  AAOA    1 1    29   72  Well 

134  01N44E12CBCA    09   12  73  Well 

135  01N44E  14BB0C    09  25   73  Well 

136  01N44E29ACSD    09   13   73  Well 


1215 
206.3 
209 


73 

1220 
470 
5075 
510 
210 


244 

S          13.0 

1428 

437 

13 

2320 

334 

33 

S394 

530 

23 

2466 

377 

S« 

3112 

319 

MS 

1998 

aoi 

7.4 

935 

724 

9.2 

1440 

S30 

8.2 

1404 

368 

85 

568 

477 

16.9 

2790 

SI  8 

4          16J 

1920 

321           15           9.9 

834 

SIS 

15.8 

1642 

4S4 

10.2 

758 

480 

13J 

M6 

294 

4.8 

642 

796 

42 

1982 

479 

30 

2815 

137  01N44EXBOCA  09    1 3    73  Well 

1 38  01 N  44E  31  AASA  09   1 3   73  Well 

1 39  01 N  44E  34  CXXB  09  29   72  Wall 

140  OlS  31E  14  ABO  09   16  76  Saas 

141  01S31E16OA  09   16   76  Pond 


4275 
363.8 
442 
25  300 
3890 


315 

6 

26 

2992 

449 

34 

13.9 

332 

S56 

9J 

1278 

1566 

2530 

73000 

216 

1215 

63S0 
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Nl 
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C 
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■nil 

.:, 

0.19 

1344 

2.281 

.2 

8.04 

10 

1524 

971 

.3 

8.27 

26 

3130 

.11 

3 

7.44 

6 

3113 

,34 

2 

7.48 

7 

2179 

56 

5.42 

9 

1305 

.271 

2 

789 

2350 

.158 

.2 

7.95 

3140 

.497 

2 

8.11 

23 

2770 

.135 

8.49 

115 

1240 

.23 

.2 

7  46 

9.5 

2537 

4.518 

.2 

8.48 

11 

1160 

.25 

7.55 

11 

2493 

.50 

7.70 

10 

2930 

135 

.3 

7  91 

1300 

.564 

8.10 

15.5 

2540 

.045 

.2 

7.64 

16 

2110 

.13 

.1 

7.73 

13.5 

1234 

.542 

a.36 

19 

2544 

4.518 

.2 

7.74 

3800 

7.161 

8.17 

7242 

.294 

.2 

7.66 

3948 

.045 

7.72 

4980 

.4 

1S1 

105 

3160 

.271 

7.79 

2173 

.293 

.1 

7.67 

2920 

,113 

.1 

7.67 

2720 

.067 

2 

3.42 

11 

1510 

.203 

2 

8.02 

11 

4696 

.045 

.6 

3.34 

.112 

.2 

3.68 

10 

1906 

.023 

.5 

3.16 

10 

3490 

.358 

6 

7.94 

2420 

.226 

2.2 

8.05 

105 

2060 

■' 

755 

105 

1410 

154 

.9 

7.98 

12 

5436 

1.717 

,2 

7.73 

11 

4530 

.067 

S.0 

8.63 

16 

1998 

.135 

6.0 

354 

145 

1994 

1.694 

.4 

3.28 

11 

1946 

.067 

., 

8.49 

195 

4400 

497 

1.7 

388 

13 

1552 

068 

.5 

7.90 
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2865 

1390 

2403 

1990 

882 

642 

2047 

1370 

864 

S63 

1921 

1560 

2412 

1500 

920 

652 

2047 

925 

1693 

1120 

827 

466 

2143 

1260 

3468 

2350 

7450 

4860 

3709 

2640 

4531 

2380 

2955 

1970 

1703 

1410 

2482 

1910 

2286 

1790 

1116 

567 

4213 

2220 

3250 

703 

1422 

704 

2808 

786 

1537 

112 

4319        2430 


2830 

2274 

331 

72200 

113200 

44300 

14740 

12250 

2150 

I  4 

MBMG 

125TGHV 

Mo 

74M0213 

15 

UBMG 

125TGBV 

No 

74M212 

2.4 

VI8UG 

Ym 

73M589 

2.0 

MBMG 

I25FBUN 

No 

75M0309 

1.3 

MBMG 

12SFHUN 

No 

75M03a8 

2.4 

UBMG 

125FHUN 

No 

75M0307 

3.3 

MBMG 

Ym 

73M742 

1,3 

UBMG 

Ym 

73M743 

2.0 

MBMG 

Ym 

73M588 

1,1 
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125TGRV 

No 

73M669 

1.9 

UBMG 

12SFRUN 

No 

75M0306 

5 

M8MG 

1 2STGRV 

No 

74M215 

1.0 

M8MG 

125FHUN 

No 

7SM0315 

25 

MBMG 

12SFRUN 

No 

75M0418 

1.0 

MBMG 

No 

73M749 

4.S 

USGS 

125TGRV 

No 

73M667 

1.7 

USGS 

1 2STGRV 

No 

7'3M6S5 

25 

MBMG 

125FHUN 

No 

75M0313 

25 

USGS 

No 

73M803 

1.9 

MBMG 

No 

74M208 

3.1 

MBMG 

No 

74M209 

1,5 

MBMG 

No 

74M207 

2.6 

M8MG 

No 

74M203 

1.8 

USGS 

12STGRV 

No 

73M2 

■« 

UBMG 

No 

74M2C1 

6 

UBMG 

Ym 

73M740 

.6 

UBMG 

No 

74M200 

3.1 

USGS 

125TGRV 

No 

73M668 

48 

USGS 

125TGRV 

No 

73M794 

13.4 

USGS 

125TGRV 

No 

73M802 

3.3 

USGS 

1 25TGRV 

No 

73M801 

9.7 

USGS 

125TGRV 

No 

72M755 

20.1 

USGS 

1 2STGRV 

No 

73M60 

41.8 
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125TGRV 

No 

73M1 

1.2 

USGS        79        110ALVM 

No 

73MS24 

45.2 

USGS 
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No 

75M0S92 
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USGS 

125TGRV 

No 

73M15 

76.2 

USGS 

1 2STLCIC 

No 

73M808 

70J 

USGS 

1 25TLCK 

No 

73M814 

35 

USGS 

1 25TGRV 

No 

73M8t0 

3.8 

USGS 
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No 

73M812 

49.1 

USGS 

125TGRV 

No 

73M811 

6.7 

USGS 
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No 

72M757 
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Ym 
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Ym 
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143  01S32E  23  80 

Wall 

143  0tS33E02ODB 

09   16 

76 

Oittai 

145  01S33E  13  00 

11    23 

37 

W«ll 

146  015  336  14  AB 

Well 

147   01S33E  14  OB 

Mill 

14«  01S33E  IS  00 

W>ll 

150  01S33E  ie  BOO 

09  16 

76 

Smp 

152  01S33E  19  OA 

Well 

1S3  01S33E  19  0A 

Wall 

154  01S33E24BC 

Well 

Manga-                   Bicar-  Car- 

nasa       Silica    bonata  bonata  Chlorida  Sulfata 

(Mnl      ISIO,l    IHCO,l  ICO,l     ICII  ISO,) 

18            180  4  1980 

797  73  2300 

92  10  2200 

26  603  143  3580 

27  116  3250 


155  0IS33E26C8  Wall 

156  01S33E27O  10  20  21  Wall 

157  01S33E30A  10   10  21  Wall 

158  01S37Eai  BAAC  09  1 1    73  Wall 

159  01S37E01  BAAO  09   11    73  Wall 

160  01S38E03CACC  06  27   73  Wall 

161  01S38E09AC88  07   IB   72  Wall 

162  01S3SEa9BAOO  07   18   72  Wall 

163  01S3SE09BOOA  08  01    72  Wall 

164  01S3SE09CAAA  08  01    72  Wall 


166  01S3gE  12  0C8A  09  12  73  Sprin« 

166  01S40E06BBOB  09  12  73  Soring 

167  01S40Ea7  0ACU  09   12   73  Wall 
16B  01S40EaeAAAC  09   12  73  Soring 
169  01S41Ea2AA88  09  07   73  Wall 


596 
495 

1442 
1048 
1112 


170  01S41E  170AAA  12  01    72  Wall 

171  01 S  41 E  23  B  ACS  02  27   76  Wall 

172  01S41E33CABA  10  27   72  Wall 

173  01S41E33  0BC8  10  27   72  Wall 

174  0IS42E  04  0CAB  08  01    73  Wall 


410 
290 
410 
870 


1214 

570.6 
1930 

549 
2535 


1 75  01 S  42E  04  OCA  08  01    73  Wall 

176  01S43E  11  CAC8  11    29   72  Wall 

177  01S44E08  0CAO  09  28  72  Wall 

178  a2S33E26A  10  It    21  Wall 

179  03S34Ea9BCC  09  16  76  Pond 


180  02S41E02BABA  09  28   72  Soring 

181  02S41E02OABC  11    30  72  Wall 

182  02S44E12BCCA  09   21    72  Soring 

183  02S44E  14  CB  09  21    72  Spring 

184  03S31E21  AC  12   31    69  Wall 


503 
SI2 
1340 


185  03S31E  34  8C  06  18  55     Wall 

186  03S32E27AAC  09   16  76      Craak 

187  036  33E  06  BO  Wall 

188  03S35E  18  0C  Wall 

189  036  3SE  18  DCS  06  28  77     Wall 


1800 
3900 
4400 
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WQ8 
M8MG 
USGS 
USGS 

USGS 
WQB 
USGS 
USGS 
USGS 
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No 


00M0028 
76W2223 
37M0003 
0OMO029 
00M0030 


No  OOM0031 

Yes  76W2219 

No  0OMOO32 

No  00M0033 

No  a0M0034 


USGS 
USGS 
USGS 
MBMG 
MBMG 


No  0aMOO3S 

llOALVM     No  21M0104 

110TRRC      No  21IVI0105 

125TGRV     No  74M0037 

12STGRV     No  74M0116 


3.35  12 

8.27  9J 

736  10 

3.04  10 

8.12  11 

7.87  13 

8.76  11 

8J3  13 

8.40  123 
8.01 

733  105 

8.24  12.5 

7.89  12 
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3.33  1 1 5 

3.60  13 
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736  11 
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1230 
1780 
1370 
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2226 
2348 
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1320 
3220 
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1058 

843 
493 
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1854 
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USGS 
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No 
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No 
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No 
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No 
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No 
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No 
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No 

73M797 
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No 
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IIOALVM 

No 

73M796 

12STGBV 

No 

73M795 

125TGRV 

No 

73M18 

12STGRV 

No 
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12STGRV 

No 

73M8 

12STGRV 

No 

73M7 

125TGRV 

No 

73M665 

1 2STGRV 

No 

73M686 

125TGRV 

No 

73M18 

12STGBV 

No 

72M756 

110TRHC 

No 

21U0106 

No 
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7.65 
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4511 
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3.05 
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7.99 

12 
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684 
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3.2 

1020 

7.1 

3106 
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8.1 

22 

6454 

6561 

1700 

251 

7.1 

11 

7520 

8792 

2190 
67 

404 
381 

8.66 

10 

2667 

1849 

17 

377 

1.0 

USGS 

7.1 

USGS 

4.4 

USGS 

1.6 

USGS 

MBMG 

MBMG 

16.6 
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12.0 

USGS 

USGS 

66.9 

USGS 
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12STGRV  No  73M17 
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190  03S3SE  ISOCOe  06  28  77    Rivar 

192  03S44E  11  8CA0  04  29   76   Wall 

193  03S  ME  33  BDAA  06  06  76  Will 

194  03S4SE32  0OA  02  26  76  Wall 
196  04S  32E  02  AA  Wall 


196  04S32E16  0BB  09   16   76   Craak 

197  04S32E23OC  Wall 

198  04S32E23OC  10   18  21    Wall 

199  04S  32E  26  BD  Wall 

200  04S32E  36  BO  Wall 


960 
1360 
1380 
1930 


201   04S  32E  36  BO  Wall 

302  04S4&E04BOA  10  18   76   Craak 

203  06S31E  3BCC  Wall 

204  05S31E  36  DB  Wall 
206  06S32E  11  BB  Wall 


206  OSS  32 E  20  B A                             Wall  168 

207  06S43E16OOCC  05  01  75   Craak  59 

208  065  32E  27  CO  10  06  67   Wall  230 

209  065  32E  34  ABB  08  07  61    Wall  640 

210  06S32E34ACC  08  08  61    Wall  170 


211    06S34E13  11    18   75   Craak 

213  06S43E  19  00  06  01    72   Craak 

214  06S43E2S  AA06  05  01    75    Craak 

215  aeS46E11  AA  06   16  64  Wall 

216  093  406  15  0CB  OS   27   72    Ditch 

217  09S40E  16ABCA  06  21    72  Wall 

218  095  40E  1 6  ABCA  06  21    72   Wall 

219  09S40E  16  ABCA  06  22   72  Wall 

220  09S40E  16ABCD  06  21    72   Wall 

221  09S40E16ABCD  06  21    72   Wall 
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2S3 

16 

1700 

190 

12 
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544 

22.S 

2160 
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624 

15 
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40 
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22.7 
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6 

1S.5 

559 
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12S8 

70 

10.6 

21 

.01      12J 
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11.7 
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77 

8.2 
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222  09S40E16ABCO  06  21    72   Wall 

223  09S40E16ABC0  06  21    72   Wall 

224  09S40E16ABCO  06  21    72   Wall 

225  09S40E16ABCO  06  22   72  Wall 

226  09S40E16ABCO  06  22   72   Wall 


.03 

US 

1560 

.02 

8.6 

1166 

.02 

12£ 

1742 

227  09S40E16ABCO  06  22  72   Wall 

228  095  40E  22  OBAD  07   27  72    Drain 

229  095  40E  29  CCAO  07   27  72   Wall 

230  09541E  10CC  06  10  76   Craak 

231  OBS  44E  2  06  01  72    Raiarvoir 
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.023 

.1 

8.41 

28 

518 

322 

242 

068 

4.7 

3.21 

11 

1610 

969 

10 

.090 

1.5 

8.19 

12.5 

1318 

790 

7 

.088 

IJ 

3.15 

1390 

842 

3 

.5 

7.0 

13 

6670 

8120 

2330 

.10 

13 

23 

2S3S 

1451 

960 

.6 

7.0 

12 

2720 

2337 

1390 
1180 

.7 

7.3 

10 

3780 

3128 

1310 

.5 

7.1 

10.5 

2130 

1715 

982 

.6 

6.9 

115 

2690 

2330 

1440 

85 

2689 

2033 

310 

1.4 

8.0 

20 

825 

489 

2 

.7 

75 

9 

1180 

799 

304 

.6 

7.1 

10 

6030 

5287 

2300 

.4 

7.2 

9 

1640 

1182 

712 

045    1.4     8.6 


.45 

8.2 

4330 

1.0 

8.2S 

245 

284S 

.316 

1.1 

8J1 
3J 

5 

925 
1647 

i03 

1.2 

352 

2670 

3.61  S 

2.0 

83 

2020 

.068 

2.5 

3.16 

18S0 

4.292 

2.5 

8.8 

1920 

5.422 

A 

353 

2520 

35 

8.97 

1630 

2.937 

4.6 

3.37 

14J 

1480 

.068 

3.6 

3.17 

125 

1660 

.068 

1.4 

8.78 

2520 

.045 

35 

8.19 

125 

1620 

.068 

1.4 

3.03 

2610 

.587 

3.6 

8.2 

1590 

1282 
1286 
1275 
1684 

1075 


1655 
1039 
1718 


1260 
1160 
1280 
1490 


.05   8.6       205 


1740 

1097 

5350 

4345 

1380 

1006 

.7 

USGS 

545 

USFS 

53.1 

USGS 

52.8 

USGS 

4J 

USGS 

1.1 

was 

2.3 

USGS 

USGS 

5.9 

USGS 

2.3 

USGS 

2.3 

USGS 

5J 

WQB 

52.3 

USGS 

3.7 

USGS 

7.0 

USGS 

1.9 

USGS 

1.3 

USFS 

M8MG 

UBMG 

MSMG 

6.1 

WQB 

8.0 

USGS 

15 

USFS 

USMG 

18.7 

MBMG 

29.4 

MSMG 

345 

MBMG 

36.3 

UBMG 

36.3 

MBMG 

41.4 

MBMG 

47.1 

MSMG 

44.0 

MSMG 

30.4 

MBMG 

48.4 

MBMG 

33.1 

MBMG 

48.3 

MBMG 

1.1 

MBMG 

52.2 

MSMG 

75 

WQB 

2J 

USGS 

No  78M0003 

Vn  75M01 94 

No  7SM0603 

125TGBV     No  76M0114 

No  0OMOO3B 

No  76W2220 

No  00M0016 

110ALVM     No  21M0107 

No  OOM0017 

No  OOM0018 


No 


No 


0OMOO19 
7SW2581 
00M0O2O 
00M0O21 
OOM0022 


No  OOM0023 

Y«  75M0192 

331MOSN     No  67M00OS 

320AMSO      No  61 M0001 

331MOSN     No  61M0003 

No  7SVV7282 

No  72M239 

Yn  75M0191 

337MSNC      No  84M0026 

No  72M0147 


125FRUN  No 

125FHUN  No 

136      125FRUN  No 

207      12SFRUN  No 

135      12SFRUN  No 

207      12SFRUN  No 

135      12SFRUN  No 

12SFRUN  No 

135  1ZFRUN  No 

136  12SFnUN  No 

135      12SFRUN  No 


72M0252 
72M0258 
72M0262 
72M0253 
72M0254 

72M022S 
72M02S7 
72M02S9 
72M0260 
72M0261 

72MQ264 
72M0397 
72M0396 
78Vyi0O3 
72M023S 
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Magne- 
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(lattf 

Caiciom 

sium 

Sodium 

r«.         T       H     S«rT..CI 

MuOn 

~'' 

Souro 

c       ICal 

IM9I 

INjI 

37    MN  14C  2B  CDOO 

01 

11 

77 

Wril 

31 

16.2 

1000 

*>    3SN  16E  J3  AOC 

01 

11 

77 

Well 

15.1 

3.1 

1215 

bS    3!>N  IK  18  AOOa 

11 

It 

77 

Willi 

251 

56 

143 

64   37N  14E  70  OOCX) 

01 

It 

77 

W.ll 

421 

158 

438 

83   32N  I8E  34  A 

12 

22 
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b14 

364 

1570 

88    32N  I9E  02 

12 

21 

76 

180 

SO 

875 

90   31N  t9E  13 

12 

22 
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Well 

130 

128 

200 

97   32N  20E  03  B 

12 

21 
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Well 

4.1 

1.1 

706 

99   33N  21 E  31 

12 

21 

76 
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2.5 

.5 

552 

109   33N21E  X 

12 

21 

76 

Well 

235 

110 

362 

112  32N20E34CB  12   21  76  Well 

116  31N  19E  13  AAAC  12  22  76  Well 

124  31N  18E  21  12   22  76  Well 

125  31N  t8E21  12  22  76  Well 
204  29N14E02  6  01    23  75  Creek 


Mange-  Bicar.        Car- 

Iron       neee      Silica  Oonafe     bonate  ChlorMM    Sulfate 
IFel      IMnI     ISiO,)   IHCO,l      ICO,  I     (Cll  ISO4I 
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2232 
S203 


19.6 

454 

35.7 

159 

15 

326 

165 

319 

12.2 

587 

8.1 

960 

178 

8.6 

9SS 

19.7 

17.2 

649 

5.8 

900 

24 

13.1 

600 

10.3 

531 

17.6 

720 

205  29N14E02B  05  19  74  Ceek 

206  29N  1 4E  02  B  06  1 1    74  Creek 

207  29N  I4E  02  B  06  18  74  Creek 

208  29N14E02  8  07  28   74  Creek 
2U9  20N  14F02B  081674  Creek 

210  3)N21E  25  8008  04  11    76  Well 

211  3IN24E010A  10         59  Well 

212  31N25E  I3ACCC  10         59  Well 

213  31N25E  21  AO  02         47  Well 

214  37N23E26BC  10         59  Well 


1475 
898 


1298- 
1050 


1030 
919 


1030 
2190 
2320 


215  32N  23E  26  CC 

216  37N  23E  31  AB 
71  7   32N  23E  36  AC 

218  32N  24E  33  OC 

219  34N23E  01  AB 


10 


59  Well 
59  Well 
48     Well 


1390 
1180 
1314 
2200 

318 


220  34IM  24E  1 3  CO 

221  35N  24E  10  88 

222  35N  25E  27  DO 

223  3eN  73E  25  AO 

224  36N23E  30  AC 

225  36N  26N  33  OA 

226  37N23E  12CB 

227  37N23E  13  08 

228  37M  25E  35  SO 

229  32N28E  34C80 


59 

Well 

59 

Well 

59 

Well 

59 

Welt 

59 

Well 

59 

Well 

59 

Soring 

59 

Uke 

59 

Creek 

298  37Nt4E20  00OA    01    11    77     Well 

299  32N20E34  12   21    76     Well 


1345 
22J 


32.3 
13.7 


3962 
584 


llote     All  chemical  data  are  given  in  miltigramtD 
'  Valuee  retMrted  at  lodium  plus  DOtassium 


1    «  2    ShMt 
of  Stiaend  Wanri 


7  78 


55  5.422 

64  1 6.94] 

83  33.135 

38  2.214         3      7.45     13 

90  26i44        2      7.62     12 

97  .948     2.9     8.52       3 

99  .316     3.8      855     13 

109  2.078       .5      7.69     1] 


112 


3.63  3 

7.38  9 

7.79  4 

7.74  8 

S.67  30 

6.48  4.4 

7.25  5 

7.11  7.7 

7.18  12 

7.47  10 


210    45.634 


.5      3.00     10.6 


4306  2966 

564S  3248 

2023  1 388 

4110  3512 

3854  3065 

1 554  1 096 

2204  1416 

2749  1871 

2342  1103 

2969  2242 


2111 
1624 
2621 
2913 


1532 


6356 
2787 
2676 


227 

.3 

8.7 

8.3 

8310 

5789 

228 

.6 

8 

4.4 

1180 

756 

229 

8.9 

.5 

8.17 

7.7 

2900 

25 

298 

40.89 

13 

4.69 

6 

7472 

6292 

299 

11.07 

.2 

7S6 

10 

1601 

1158 

Total 

SoOium 

kahniTv 

adsorption 

Collactin 

CaCO, 

""'» 

a9ancv 

309 

36.3 

M8MG 

351 

74.4 

U8MG 

372 

2.1 

MBMG 

130 

4.6 

MBMG 

267 

13 

MBMG 

262 

1.4 

U8MG 

481 

3 

MBMG 

809 

79.8 

MBMG 

316 

33.4 

MBMG 

532 

4.9 

USMG 

Well  Tran 

daoth     Aquifar  elamatitt       Lab 
(It.)         coda     analyzed   number 

340  Yet  76M1577 

75      211J0RV  Yet  76M1S81 

112DBFT  Yei  76M1580 

24      1120RFT  Yei  76M1578 

14      112DRFT  Yei  76MIS30 

211J0HV  Ye»  76M1525 

120      211J0RV  Vei  76M1S26 

120      211J0RV  Yei  76M1524 

ISO      110ALVM  Yei  7SM1522 

1 1QALVM  Yet  76MtS23 


MBMG      420  211J0RV  Yet  76M1S21 

MBMG       150  21U0RV  Yet  76M1527 

MBMG  211JDHy  Yei  76M1529 

MBMG  211J0RV  Yei  75M1523 

Unknown  No  75M0O4O 


Unknowr 

No 

74M0445 

unknown 

No 

74M0S67 

Unknowr 

No 

74M0600 

Unknown 

No 

74M080S 

Unknowr 

No 

74Maei  1 

MBMG 

59 

211  CLOT 

Yet 

76M0239 

USGS 

145 

110ALVM 

No 

S9M0003 

USGS 

167 

211J0RV 

No 

59M0004 

USGS 

100 

IIOALVM 

No 

47M002S 

uses 

70 

110ALVM 

No 

5SM0005 

USGS 

130 

IIOALVM 

No 

59M0006 

USGS 

70 

IIOALVM 

No 

S9MO007 

USGS 

120 

IIOALVM 

No 

48M0003 

USGS 

240 

IIOALVM 

No 

59M000S 

USGS 

240 

211MLCK 

No 

47M0026 

USGS 

210 

211J0RV 

No 

S9M0009 

USGS 

49 

121FLXV 

No 

59M0010 

USGS 

22 

121FLXV 

No 

59M0011 

USGS 

49 

121FLXV 

No 

59M0012 

USGS 

225 

211HLCK 

No 

59M0013 

USGS 

39 

121FLXV 

No 

S9M0014 

USGS 

IIOALVM 

No 

59M001S 

USGS 

No 

59M0016 

USGS 

No 

59M0017 

Pnvate 

No 

74Mat44 
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Connexion 
n     Sec  TriCt    Mo   0»v    Yr 
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Mangi-  Biar-       Car- 

Iron       n«ta       Silica    bonata     bonaie  Chlorida     Sulfata 
IFal       (Mnl      ISiO,l    IHCO,l    (CO,)      (Ol  ISO,) 


71  7IN  14E07  BCOC  01  15  76  Well 
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24  27N  1 7E  35  DC       09  22  76  Well 

25  21NI5E26CA        09  22  76  Well 
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76  20N  15E  10  AC  09  22  76 

27  21N  17E  30CA  09  22  76 
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29  21N  19E  13  09  23  76 
33   t9N  14E  05  DOA  11  16  71 
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875 

Wall 
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545 

Wall 
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63 
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161 
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107 
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OS       7.6      1075 


32S        2318 
18.3       879 


38   19N  14E  28  CCCB  09  21  76  Well 

38  t9NI4E33BBa  09  71  76  Wall 

39  19N  14E  33  CBD  09  21  76  Wall 

81  15N18E09BBA  03  29  67  Wall 

82  16N18E0SCAO  04  05  67  Wall 
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.01      12.6 

<.01      13.3 


2236 
14S7 
33.2 


83  16N17E  18  800  04  04    67 

84  t6N17E1BaA0  04  04    67 

85  16r.'17E17BCD  04  04  67 
Bfi  18N17E21A00  03  29  67 
87   I6N17E28ABB  03  29    67 


Wall 


89  1SN17E32B60  03  29  67  Wall 

91  15N16E25COO  03  29  67  We<l 

92  t5N  t6E  34  AOO  03  29  67  Well 
94  16N14E07BOAA  09  21  76  Wall 

115  17N24E17CC  07  10  63  Well 

118  1SN26EaeAD  03  16  46  Well 

120  16N27E26a8  03  05  46  Well 

123  1SN28E28CC  04  28  Well 

126  15N29E09AC  01  07  26  Well 

127  1SN29E110O  10  14  88  Wall 


128  15N29E14AD        12  04  68  Wall  2 

180  17N14Ea6              04  09  76  Wad  216 

181  17N14E06              09  21  76  Wall  171.5 

182  17N18E19              08  17  73  Soiing  114 

183  19N  14E  33BBCO  04  09  76  Well  458 


IB4  20N16E24  09    22  76  Well 

185  20N  16E  24  80  09    22  76  Spring 

186  17Nt8E01ACC  04    03  67  Well 

187  18N16E01AOB  04    04  67  Well 

188  1BNI6E23CB0  04    04  67  Well 
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11.1 
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6.6 
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.02 
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520' 
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1.7  1536 
12 J  4533 
43    1700 


Nott:   AM  ctwmic*!  data  ar*  given  in  milligrami  par  litar  1mg/l)  i 
*  Vatuai  nportvd  as  todHim  ptut  potrntum 


intan  otharwita  naiad 


of  SctectMl  Wntn 


(F) 


Field        iptcific        Oittolvfld 
Lab   Temp,  conductance       lolidt 
OH      C°        (Aimho/cm)       Icalc.l 


Tout  Sodium 

itkaMnitv    adsorptior 
IS  CaCO,         ratio 


Wall  Traca 

CoUecting   dapth     Aquilar  elements 
agency        (ft.)  coda     analyzed 


21  .197  .4  7.69 

22  052  2.8  7JI 

23  113  1.8  a.3« 

24  1939  .2  7.82 

25  15J14  3.4  771 


26  26.206 


8     7.56 

5     8.96 

8     7.51 

7*7 

804 

7  52 
6.91 
7  48 


5199 

4553 

1630 

454 

4889 

2840 

26 

446 

3483 

2409 

20 

1020 

2565 

1892 

1090 

370 

2582 

1884 

1180 

505 

7652 

7723 

4230 

366 

2348 

1541 

3 

416 

1463 

1045 

645 

320 

6547 

4894 

219 

381 

1780 

1434 

919 

197 

4104 

3618 

2260 

415 

3038 

2584 

1710 

334 

575 

331 

284 

274 

173 

230 

U8MG 
MBMG 
M8MC 
MBMG 
USMG 


360    211JDRV 


20 


M8MG  n 

MBMG  300 

M8MG  90 

MBMG  211J0nv 

uses  120    211EQLE 


27 


MBMG 

MBMG  33 

MBMG  35 

uses  614  217KOTN 

USGS  1100  217KOTN 

USGS  1240  217KOTN 

USGS  311  211CIJ1D 

USGS  1100  217KOTN 

USGS  290  217KOTN 

USGS  850  217KOTN 

USGS  42  211CLB0 

USGS  1596  217KOTN 

USGS  1470  217KOTN 

MBMG  28  211CLR0 

Unknown  337MSNC 


76M1611 
76M12S4 
76M1255 
76M12S3 
76M12SO 

78M1249 
78M1252 
78M12S1 
76M125S 
72M0a01 

76M1244 
76M124S 
76M1244 
64Ma019 
64M0009 

64M0006 

64M0011 
64M0016 
64Ma018 
64M0024 

64M0015 
64M0022 
64M0023 
7eM1240 
63M0009 


no 

lit 


Unknown  320TSU> 

Unknown  217KOTN 

Unknown  21 7K0TN 

Unknown  217KOTN 

Unknown  337MSNC 


46M0016 
46M0014 
28M0001 
26M0OOI 
eBMOOOB 


128 

8.2 

1124 

9 

180 

1.509 

2.0 

7.96 

5 

7978 

6560 

1070 

181 

4  179 

5.2 

7.40 

15 

4046 

3187 

786 

182 

407 

1.4 

7  92 

20 

1754 

545 

442 

183 

1.649 

2 

7  74 

12 

4106 

3957 

2740 

184 

6J13 

.6 

7.55 

12 

3518 

2625 

905 

IBS 

34.564 

6 

7  70 

16 

7670 

6669 

2920 

Unknown 

MBMG 

MBMG 

MBMG 

MBMG 


217LKOT 


33 


M8MC  40 

MBMG 

USGS  S9S    211EGLE 

USGS  174    211EGLE 

USGS  300    211EGL6 


68M0003 
76M0236 
76M1243 
73M0846 
76M0237 

76M1238 
76M1237 
64M0014 
64M0013 
64M0007 
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LEWISTOWN 
OMmiol  Anatym 


CoMectioi 
Local  ion  date 

R    S«  Tract    Mo  Dav 


Sotjrce      (Ca) 


Bicar-       Car- 
Silica    tioftata    bonatt  Olorida    Sulfata 
(SiO,)    IHCO,l    ICO,)       ICII  ISO,l 


I8<J  18NI7E2IABC  04  04  67  Wall 

190  18N18EI7ACA  04  03  67  WiHI 

191  18N19E08BC0  04  03  67  Wpll 
197  1BN20E34  8C  04  10  72  Wall 

193  1RN  TOE  34  ec  04  29  72  W<HI 

194  19N16E11B8B  11  16  71  Wall 


Note      All  cttamical  data  an  gnttrt  m  milliyamt  par  htar  (mf/ll  unlaa  ottianvtaa  nataif 
*  Valuus  reflorleO  as  lodtum  plus  potamufn 


5.4 

4.09 

.04 

103.0 

487 

14 

1S.8 

60 

15i 

.22 
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17.4 

148 

13J 
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10.2 

.05 

.01 

16.0 

276 

219 
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afSatwudWnan  ICon't.) 


Mip  Fluo-  Fiffkj        sp«cific        OisolvKl      Total  Total  Sodium  Wall  Traca 

ret.    Nitrate     rida     Lab   Tamo,  conductance       soiidt        hardnen     alitalinitv    adiorption     Collecting   depth     Aquifer  elemamt 
no.      (N>         (F)       pH       c''       ifjmhofart)       (calc.)       as  CaCO,     as  CaCO^         ratio  agancv        <ft.)  code     anelvzed 
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12        MILES  CITY 


Ornniial  Anttymt 

Mv  CotMction  Mum  Potn-  Hanqt  Bior-       C«r- 

r«1  Location  date  Calcium     iium       Sodtufn         snjm       Iron       nMt       SUica    bonata     bonata  Otkirida     Sulfata 

no.       T     H    Sac  Tract    Mo  Day   Yr    Scum       ICal       IM9I  INal  (Kl         (Ftl       IMn)      ISO,)   IHCO,)    (CO,)       lOI  (SO,) 

4a8N54E07CAC  11  17  76  Wall  166  166  185  6J  «n  8.0  980 

7  09N48€»ACC  11  17  76  Canal  66          38.9  336  11  IM  10  620 

8  I4NS6€27C0  10  20  69  Wall  860  140  5100*  IS  8800  940 
II  13NS3E14C  09  07  75  Craat  106  130  277  9.8  Hi  11  880 
}0a9N60EI9AA  10  11  75  Well  460  371  248  13  7t  19.2  2M0 

39  07N6Oe24CC  10  10  75  Wall  399  671  490            38                                                 3(1                             68        4400 

40  07N  60E  26  800  10  10  75  Saeo  410  202.0  9200 
45  07N58E29AC  10  13  75  Reiarvo«  85  155  500 
47  06N6OE10OA  10  14  42  Well  79  22  3000* 
50   12NS2E02  8AO  10  16  76  Craak  75  78  375 

52  I1N50E04OAA     10    16    76     RiMr  100  49  230 

53  12NS6Ea2C  08  08  31  Wall  340' 
63   12NS9E03 

70  11NS7EWAC 

71  11N57E  10  CC 

72  I1NS7E15AA        10    03    56     WatI  1800        260       80000*  76  120000        3000 

74  12N51E  14AC 

77  07N  47E  08  A 

78  07N47E08A 

79  0SNS6E  17  00 

80  aeN58E  XBD> 

81  09N58E27BB 

82  10N58E18CO        01     16    62     Wall  9  4  766  1088 

83  10M58E18CD       02    08    72     Wall  9.6         2.S         880  2.0       .01  17.4      1032 

84  10N5aE32DB        10    27    58     Well  13  5  877  1049 

85  I0NS8E32  0B 

86  11NS4E29CA 

87  11N57E  10  CC 

88  12NS6E02C 

89  14N52E  17  80 

90  14N58E10COA     03    11     74     Wall  107  60  3S.9  4.1 

Note:   AU  c*iem*cal  data  are  gtven  in  mitligramt  per  licaf  ((ng/ll  unlaai  otttanvMa  ttatad 
*  Vatuat  riporiati  aa  fodnim  ptin  potaaawm 
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04 

75 

Saap 

397 

381 

1330 

04 

13 

56 

Wall 

1300 

100 

14000' 

oe 

18 

27 

Well 

120 

X 

3200' 

10 

03 

56 

Wall 

1800 

260 

80000< 

11 

11 

76 

Creek 

49.1 

39.5 

280 

01 

21 

76 

Well 

2J 

4.3 

426 

01 

21 

76 

Wall 

4.8 

338 

09 

04 

63 

Well 

.3 

.6 

247 

08 

30 

63 

Well 

1.7 

J 

385 

08 

30 

63 

Wall 

1.1 

.2 

318 

01 

16 

62 

Wall 

9 

4 

766 

02 

08 

72 

Well 

9.6 

2.S 

880 

10 

27 

58 

Well 

13 

5 

877 

04 

26 

61 

Wall 

8 

3 

840 

08 

30 

63 

Welt 

1.B 

.4 

315 

08 

18 

27 

Well 

120 

30 

3200- 

08 

09 

31 

Well 

770' 

10 

29 

88 

Well 

12 

12 

3000' 

217 

79 

38800 

800 

14 

13.7 

1380 

306 

4700 

44 

488 

19 

886 

222 

4 

81 

820 

440 

34 

320 
5600 

313 

31000 

3700 

220 

7000 

1°  X  2°  ShMt 
a(S«4MtMlWiMra 
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raf.    Nttrat*     rtd*      Lab    Temp,  conductanc*       solida 
no.       INI  (Fl       pH       C"         l;UnAo/cm)        Icalc.) 


8.00 
3.M 
6.10 
7.94 
5.81 


7.08 
7.47 
8.51 


2274 

10S0 

1100 

1878 

881 

32S 
2720 

2360 

1972 

798 

4150 

3980 

2470 

6660 

6324 

3760 

39000 

40820 

9340 

3170 

2744 

852 
288 

2300 

984 

510 

1890 

380 

461 

7780 

7619 

2560 

4.44 

7760 

7619 

•JO 

tJSO 

8.00 

1620 

207 

8.79 

1909 

1523 

8.94 

1410 

1188 

3.00 

13 

997 

627 

3.40 

IS 

1450 

917 

8.20 

15.5 

1260 

795 

7.80 

2940 

2083 

8.02 

13 

280O 

1770 

8.70 

3080 

2428 

8.30 

3400 

2324 

8.80 

12 

1240 

771 

7J6 

7.47 

S3 

1000 

675 

Total  Total         Sodium  Wan  Traca 

hardnatt     atkalMiitv    adaorpTion     Collacting  daotlt     Aquifar  alatnants       Lab 
nCaCO,    nCaCO,        ratio  aganev       Ift.l         coda    analyiad  numbar 


78IM275B 
76W27S7 
69M0009 
7SM1901 
75W2110 


2.4 

WQB 

8.1 

was 

337MSNC 

4.2 

W08 

2J 

was 

3.5 

woe 

41.4 

WQB 

75 

WQB 

Unknown 

211J0RV 

7.2 

WQB 

4.7 

was 

Unknoon 

211FXHL 

11.4 

WQB 

Unknown 

337MSNC 

Unknown 

211J0RV 

Unknown 

230SPnF 

7.2 

WQB 

37.4 

NFM 

42.1 

NFH 

62 

Unknown 

211FXHL 

71 

Unknown 

211FXHL 

69 

Unknown 

211FXHL 

53 

Unknown 

211FXHL 

48.4 

Unknown 

211FXHL 

52 

Unknown 

211FXHL 

66 

Unknown 

211FXHL 

56 

Unknown 

211FXHL 

Unknown 

211J0RV 

Unknown 

211FXHL 

Unknown 

217MODV 

0.7 

scs 

12SFRUN 

75W2112 
75W2113 
7SW2ia2 
42M0001 
7aW2SB9 

7SIM2S88 
31M0a01 
75W1900 
SBMOOII 
TTMOOOI 

56M0004 

76W2743 
76W0095 
76W0096 
S3Ma064 

63M00eB 
63M0a6B 
S2M0018 
72M0071 
S8M0010 

6IM0006 
63M0067 
27M0002 
31M0016 
aSMOOOl 

74M0301 
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LOCATION    BASE    MAP 


f  ."— ; 


ROUNDUP  1°    X  2°    SHEET 


108°  30'     R  26  £. 
47°00' 


SPECIFIC  CONDUCTANCE  SURVEY 

R  27  E  R  28  £ 


NOUNOUP  I 

R29E         I08°00° 


TI3N 


TI2N 


47°00' 


46°30' 


I08°30 


1:250,000 


I08°00' 


?....? 


10  KILOMETEKS 


CONTOUR  INTERVAL  100  FT 


i09°00  R 22  £ 

47°00 


TI2N 


SPECIFIC     CONDUCTANCE    SURVEY 

R23E  R24E 


R25E        108  0  30' 
,  , ^  -^         ^  47°00' 


1:250,000 


loe^so 


4^30' 


lO  KILOMETERS 


CONTOUR  INTERVAL  100  FT 


I09°30  RI8E 

4  7°  00 


SPECIFIC     CONDUCTANCE    SURVEY 
Ri9e  R20E 


Tl3  N 


TI2  N 


ROUNDUP  3 

R21E         I09°00' 

47°00' 


TlON 


T9  N 


46''30 


109°  30 


1:250,000 


109  °00' 


10   KILOMETERS 


CONTOUR  INTERVAL  100  FT 


SPECIFIC     CONDUCTANCE    SURVEY 

Il0°00'         R  14  £  R  15  E  R  l6E 

47°00' 


R  I7E 


3r' 


TI3N 


T  UN 


46  030' 

llO°00 


ij^^^Vnt 


1:250,000 


46O30' 
109°  30' 


lOKILOMrTEHS 


CONTOUR  INTERVAL  100  FT 


SPECIFIC    CONDUCTANCE    SURVEY 

RISE  RI6E 


T3  N 


46°00' 

II0°00 


1:250,000 


46^00 
I09°30' 


10  KILOMETERS 


CONTOUR  INTERVAL  100  FT 


I09°'50'         RISE 


SPECIFIC    CONDUCTANCE 

R  19  E 


SURVEY 

R  20  E 


46°30' 


T8  N 


i-;^. 


muNoup 

R  21  E  I09°00 


-f^ 


^^rlr- 


46°  30' 


'^T  V    -'S 


Ro  irrdup  S 


46  °00'  „ 
1 09  030 


109  OQO 


4€i«^0' 
rvv 


lOKILOMCTEKS 


CONTOUR  INTERVAL   100  FT 


109 °00'        R  22  £ 


SPECIFIC    CONDUCTANCE    SURVEY 
R  23  £  R  24  E 


R  25  £ 


46<'30 


T8  N 


^ 


T  7  N 


^rV(84)620 , 


46° 


T6  N 


4570     .       Y'X'^         ,; 

Wiodmillt'  j  "^  5 

T  4  N  y,y^%s<.^ 


T3  N 


.-SS' 


'{■        REFUG 


1:250.000 


— ic  46^00' 
108°  30' 


10  MILCS 
10  KILOMETERS 


CONTOUR  INTERVAL  100  FT 


108°  30         R  26E 


SPECIFIC     CONDUCTANCE     SURVEY 
R27E  R28E 


R  29E 


ROUMOUP  • 

108  °00' 


46°30' 


46°30 


T6  N 


T5  N 


T  3  N 


46°00 

I08<»30 


1:250,000 


10  KILOMETERS 


CONTOUR  INTERVAL  100  FT 
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22        SHELBY 


OMmiGit  AnatyiM 


Collection 
Local  ion  Olt 

H    S«:  Tracl    Mo  0«v  Yr 


Uagnc- 
Calcium    iium       Sodium 
Source       ICal       IM9I  (Nal 


Manga-  Bicar-       Car- 

n««a       Silica    bonan    bonata  Chlorida    Sulfata 
IMnI     ISiO,)    IHCO,)     ICO,l       lOI  (SO.) 


7  37N08E20DOOC  01  13  77  Wall 

13  3GN10E06DOCC  01  12  77  Wall 

15  3EN  lOE  21  BOBA  01  12  77  Well 

16  36N09E28A8A8  01  12  77  Wall 
18  36N10E32OAAA  01  12  77  Wall 


21  36NaeE26BBBC  01  13   77  Wall  103 

22  3SN0SE01A8BB  01  13   77  Well  S.2 

23  3SN10E04CBCO  01  12  77  Well  60.4 
26  3SN08E33OAAA  01  13  77  Well  17.9 
28   34N08E22BBCO  01  13   77  Well  160 


1243 
152S 
823 


31  33N0aEOSB8AA  01  13  77  Well  8.7 

34  34N12E19BCBO  01  11  77  Well  11.4 

37  34N10E14BCAB  01  12  77  Wall  94 

39  34N10E14  8CAA  01  12  77  Well  84.S 

44  35N11E31DCCC  01  12  77  Well  17  4 

45  34N11E24aX)0  01  11  77  Well  27.4 

60  33N10EO7O  01  13  77  Wall  5.8 

61  33N09E15BBCC  01  12  77  Well  254 
64  33N09E28  0OA  01  12  77  Well  7.2 

104  29N10E18CCOB  01  14  77  Well  3.8 


1390 
1105 
3430 


.07 

10.3 

.05 

12.0 

<.01 

9.8 

<.01 

25.9 

<.01 

8.9 

105  29N10E  28  0880  01    14   77  Well  5.5 

106  28N  11E  22BCAO  01    14   77  Well  153 

107  28N  12E  33CCCC  01    14  77  Well  8.2 

108  36N07E03BOAB  04   12  76  Wall  66 

109  36N07E03BCOO  04   12   76  Walt  47.6 


870 

1&3 
1220 


110  36N07E03BOAO    04   12   76 

111  36N07E24C8CA    12  04  76 

112  36N07E34CCCO    12  04   76 


Well  51.5 

Well         SI  5 
Well  1 0.6 


113  34N07E  12BCCC    12  06   76     Well 

114  34N07E  18AASA    12  04   76     Wall 


115  34NOeE30BA8B    04   12  76 

116  34Na7E270AAB     12  OS   76 

117  33N07E21DAOC    12  05  76 

125  34N01E21  OAAA    12  03   76 

126  32N02E01  CCCC    12  03  76 

131  28N  02E  31  BCCC    12  07  76 

1 34  28N  02W  27  BAOA    04  1 4  76 

135  28N01W38AOeC   04  14   76 

140  35N03W02OCAA   04   13   76 

141  29N13E34A8C8    01    14  77 

348  26N  04E  02  CCC       09   1 7   75 

349  26N  a4E  03  0808     04   1 5   76 

350  26N  04E  03  DDA      09   1 7   75 

351  27N  04E  36  COCX:    09  17   75 

352  29N06E02ACAO    07  24  75 


Wall 
Well 
Well 
Well 
Creek 

Well 
Well 
Well 
Well 
Well 


25.4 


40.1 


3.4 

860 

19.8 

1920 

14 

1500 

51J 

200 

13J 

1600 

11.2 

1570 

37.2 

1250 

Pond 

Well  153 
Pond         78.1 
Pond         20.9 

Soring  257.9 


78.1 
12.5 
88.2 


74.5       32.2 
16.4      21.4 
1228  10 


2.80       15.2 


.04       <.01        145 


1013 
1795 
802 

1303 
3065 

588 

1184 
976 


21 

316.7 

116 

1799 

10 

1053 

43 

280B 

97 

2716 

22 

2S8 

18 

1060 

184 

2668 

117 

1786 

71 

1407 

?52 

1240 

174 

10410 

26 

5B8J 

193 

2099 

156 

617 

1.45 

6.2 

48 

917.8 

9.3 

S80.S 

10.2 

11J 

177.5 

2815 

Note     AM  chamidt  data  art  giwvn  in  milligrams  par  littr  (mg/l)  unlra  otharwiM  SMttd 


1°  «  2°  StiMt 


Mm  Fluo-  Fiffid        siMciftc        Oiuolvad       Toul  Total  Sodium  W«*l  Tnca 

rtf.    Nitnt*     rtdt     Lab   Timo.  conductanca      solids        hardn«M     alkalinitv    sdwrption     Collacting   dtmh     Aauifar  alamann 


128 


(Nl        IF)        pH 


.312    13      3.33  10 

.158      .9      8.2  9 

M99      .4      8.38  13 

S42    1.8      8.24  9 

111     3         8.06  12 

.7           .6      3.09  11 

M      3.03  4 

8.12  11 

8.08  9 

732  16 


l«mflo/cml       '=•"=■'       "CaCO,     ai  CaCO,         ratw 


analvzad   numtsar 


.029 
4.179    1 
^.023 

.043 


3.70 


330 
8.25 
3.23 


45     20J22      .3 

60  <.a23    U 

61  39.008      .4 
64 

104 


105  .063  23  ajOO     12 

106  19.202  .1  3.14     14 

107  .041  U  8.11      14 

108  .151  .2  7.74 

109  .043  .2  7.71 


7.1 


no 


719      J  7.93  8.1 

11.63         2  8.96  13.3 

1.02        .7  3.10  5 

.136  <.1  7.75  14 

<.023       3  7.64  9J 


.095 


7.79 

759  25 

8.02  15 

8.07  7 

7  25  1 


95 


2743 
3437 
5170 
2053 
2246 

3362 
3242 
3593 
S166 
.2328 

3748 
2688 
2708 
2228 
4544 

5739 
4929 
14110 
2837 
3184 

2956 


933 
3346 
3494 
7473 
6138 

1706 
5936 
8323 
5138 
36S7 


131      225  .3  7.43  21  3070 

134  35.920  2  738  7  16310 

135  15314  .3  7.75  3  1702 

140  230.754  .3  7.40  11  5439 

141  .422  13  3.36  16  3076 


2306 
3826 
I2S8 
1360 

2123 
1840 
2544 
3730 
1736 

2420 
1633 
1780 


4169 
2822 
12020 


2956 

1850 

2449 

40 

5737 

201 

4680 

164 

1313 

510 

4248 

122 

4762 

111 

3807 

250 

2888 

1270 

2399 

1600 

5600 

7600 

1108 

820 

4173 

3240 

398 

553 

MBMG 

280 

211J0RV 

Ya« 

76M1599 

1190 

63.5 

UBMG 

120 

1120RFT 

Yai 

7eM1S90 

612 

243 

MBMG 

160 

21 IJDRV 

Ya« 

76M1689 

938 

SS3 

M8MG 

270 

211J0RV 

Yai 

76M1S9I 

766 

643 

M8MG 

240 

211J0RV 

Yaa 

76M15a8 

1460 

61.0 

UBMG 

200 

211J0RV 

Ya« 

76M1598 

684 

743 

MBMG 

200 

211J0RV 

Ytt 

76M1S97 

820 

223 

MBMG 

226 

211J0RV 

Ye. 

76M1587 

1270 

68.4 

MBMG 

165 

211J0RV 

Ya« 

76M1596 

800 

2.7 

MBMG 

20 

1 120RFT 

Yat 

76M1S99 

480 

eej 

MBMG 

230 

211J0RV 

Yaa 

76M1594 

461 

36.3 

MBMG 

75 

211J0RV 

Yaa 

78M1SS2 

386 

10.1 

MBMG 

68 

1120RFT 

Yaa 

76M1684 

420 

8.5 

MBMG 

17 

112DRFT 

Yaa 

76M1S89 

681 

60.3 

MBMG 

206 

211J0RV 

Yat 

76MI586 

1130 

513 

MBMG 

21  IJDRV 

Yaa 

76M1683 

588 

99.1 

MBMG 

107? 

Yaa 

76M1600 

397 

393 
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60 
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2510 
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Yat 

76M1467 
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643 
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348 


2354 

.1 

7.38 

11 

384 

.129 

7 

7.47 

6 

1948 

.136 

.2 

3.01 

11 

1278 

2.011 

.1 

777 

10 

329 

1308 

.6 

7.98 

16 

S585 

0.1 


MBMG 
MBMG 
MBMG 
UBMG 
UBMG 


211CLR0      No  75M1670 

1120RFT      Yat  78M0250 

211CLR0      No  75M16e8 

211CLR0     No  7SM1672 

No  7SM1142 
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CollKTion 

Magnt. 

Lociiion               dan 

Calcium    lium 

Sodium 

R    S«  Ttma    Mo  On  Yt 

Sourca       ICal      (M9) 

(Nal 

Owmicri  Amtymt 

Manga-  Bicsr-       Car- 

Iron       naia       Silica    bonata    bonaia  Chlorida    Sulfata 
(Fa)      (Mnl      (SiO,)   IHCO,!      (CO,l       (CD  ISO4I 


353  31N06e3SaAAC  07  25   75     Wall 

354  32N01E28BACA  09  13   75      Pond 

355  32N10E21  03  17   75     Wall 

356  33N02W02OOCC   12  03  74     Wall 

357  33N05E01  CDOC  07  14  75     Wall 

358  33N  07E  01  SCBA  07  29  75 

359  34N  05E  24  AOCX)  07  14  75 

360  34M0SE2SABBB  07  14  78 

361  34N0SE26AABA  07  14  75 

362  34N05E26  000C  07  14  75 

363  34N0SE36BAAA  07  14  75 
384  3SNa7E24CBCA  12  04  76 
366   37N07E31B  10  18  75      Spring       50.2         48.4            143            4.4      <.01       <.01        10.7 

366  37N03W03AB  03  18  36     Wall 

367  37N03M02CA  10  19  66     Wall 


Wall 

358.0 

1124.9 

Wall 

148.4 

5X1 

Wall 

348.4 

347.4 

Wall 

1565 

74.4 

Wall 

186.6 

132.6 

Wall 

138.5 

60.7 

Wall 

475 

1408 

Spring 

50.2 

48.4 

5J 

1300 

15 

122s 

961 

18.3 

474 

105 

338 

5.4 

1113 

11.7 

361 

23.7 

337 

105 

371 

12.5 

482 

2805 

7022 

39.3 

10 

183 

2706 

4.15 

1835 

107.6 

18170 

7.7 

448.2 

3S.8 

3012 

13.6 

676 

15.66 

2562 

10.S5 

4773 

464 

20340 

9.2 

4475 

255 

464 

18 

1410 

1    x  2   ShMt  ICon't.) 
of  S«toct«l  Wiun  (Con'U 


Fl<ld        nadflc       OiiMlvxl      Total  Total         Sodium  Wdl  Traea 

alkalinitv    adaorptlon     CoMacting  daoth     Aquifar  alamantt       Lab 
calcl      asCaCO,    at  CaCO,        ratio  aqatiev       lt.l         coda    ana<viad  numbar 


rat.    Nltrata     rid*     Lab  Tamp,  cooductanca      solids       hardnaaa 


PH  C  ttunho/cmi 

9.14       9S        294S 

9.72  18.2      1S110 
8.30  1S10 

7.17  6275 

7.29  866 


6«*  10.5 

6.90 

7.02 


6.79 

8.24  11 
8.43 


23350 
1333 
4904 
1732 
5006 

13S2 
30420 
1219 


1906  13 

13000  37 

1407  9 

5903  389 

545  343 

27520  5520 

944  589 

4463  2300 

1285  697 

412S  1010 

954  596 

32870  6980 

820  325 


!19 

U8MG 

No 

75M1141 

J12 

MSMG 

112DRFT 

No 

75M1378 

S6.6 

Unknowm 

No 

7SW0426 

2J 

Unknown 

No 

7SM0002 

1.0 

UBMG 

1120TSH 

No 

75MaB30 

9.3 

MSMG 

200 

No 

7SM1143 

0.9 

MBMG 

211CLGT 

No 

7SM0B2a 

1.5 

UBMG 

21ICLGT 

No 

7SMaB31 

U 

MBMG 

211CUGT 

No 

7SM17S6 

6.1 

MBMG 

1120TSH 

Ho 

75M0B29 

0.9 

MBMG 

1120TSH 

No 

7SM0832 

44.5 

MBMG 

1120RFT 

Yaa 

78M14S2 

2.9 

MBMG 

2I1J0RV 

No 

7SMie71 

uses 

180 

21lvnGL 

No 

38MO0O1 

USGS 

600 

211VBGL 

No 

BBMOOOI 
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WHITE  SULPHUR  SPRINGS 

WTHITE  SULPHUR  SPRINGS 


•1.              Local  an 
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Calcium 

uum 

w.       T     R    SwTtKl 

Mo  Oav 
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Sourca 

ICa) 

IM«I 

27  07N  OSE  23  AA 

09    02 

58 

Wall 

11 

1 

28  07N  QBE  23  AA 

09    02 

58 

Wail 

10 

2 

29  07N  OSE  23  AA 

09    10 

58 

Wall 

S70 

95 

30  07N  OSE  23  AA 

09    02 
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100 
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11    04 
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WOLF   POINT 


Owtnieal  Amlyan 


Co»i!ctif>n  M«an«- 

(talc  Calcium    iHjm 

Mo  Dm   Yt    Source       (Cat        IMg) 


Manga-  Bicar-        Car- 

Iron       ntt*       Sitica    bonata     bonate  Chlorida     Sulfate 
IFel       IMnI    (SiO,l    IHCO,)    ICO,  I       (Cll  ISO,l 


t  3/N49E  16  DO 

3  37Na8E  OSAA 

'i  3  7N46€  32  BB 

17  36N&0E72CCC     06    17    76 

l!>  36M47E  19  8  07    31     70 


Well 


1600        2800 


17   35N47E12AOO  06  1 7  76  Craak 

71    3bNSOE27CaB  06  17  76  aa*k 

7<j   33N  SOE  03  CB  06  1 7  76  Creak 

27  32N49E04CC  03  16  76  River 

28  37N48E01CC  03  17  76  Rivef 


204 


11.9 


82 


4.6       ISO 


7g37N49E13  0A        10    77    bi  Well 

30  37NbOE19HC        08    03    53  Well 

31  31N51E04AA  08  02  67  Well 
37  31N6IE03SC  06  03  66  Well 
.33  31N6IE  29  0COO  03    16    76  Creek 


840  210   16000- 

S40    9S    3400- 

1400  200   39000    SSO 

2200  240   110000    1400 
16.8    4.4      1      8.1 


24000  2900 

11000  3800 

61000  2S00 

170000  3000 


1.5 


l« 


34   31N50E77CO  03  16  76  River 

3<i   31N48E26BC  03  30  66  Well 

3G31N47E33AC  11  10  64  Well 

3/   30N48E20  0D  01  30  S  7  Well 

.«   :l(IN  r^eE  07  B8B  06  16  76  Creek 


32.4 


21.4 


146 


10000  2400 
170000  3700 
31000        4400 


J!l  3ON07E  I4DO  06  16  76  Seep 

40  30N  WE  14  0CC  06  16  76  Creek 

41  30N  bSE  77  BC  03  02  64  Well 
47   30N  S7E  X  BB  03  23  63  Well 

43  30N  57E  36  BB  04  08  63  Well 

44  30Nr>6E30BBB  06  16  76  Creek 

46  29N01EaBCC  01  74  56  Well 

47  79N50E1SB8  01  24  S6  Well 
4H29N50E05CC  10  06  54  Well 
49   79N51E17  00  08  07  75  Well 

1>0  79NS1E19  08  07  75  Well 

!>C  78N  S9E  78  OCC  06  16  76  Creek 

5/  7BN59E  37  AAC  06  16  76  &e«k 

no  28N  SBE  70  ODD  06  16  76  Pond 

K1    78N  56E  77AOD  06  16  76  Seep 


20000* 
6800- 
75000* 


570 

12 

280 

610 

170000 

1800 

196 

140000 

1900 

195 

160000 

540 

167 

12.7 

484 

US 

33000 

120 

205 

9000 

3000 

121 

nnono 

2100 

123S0        4200 


(■7  7RN  seE  77  Oe  06  75  Well 

lia78N5IE02  09  14  64  Well 

M  78N&1E17CC  17  09  54  Well 

a<   78ND7EI8AC  05  1 7  52  Wall 

lili  78N  01 E  75  AC  01  09  67  Wall 


970 

120 

73000 

1000 

140 

77000* 

890 

130 

18000* 

1000 

150 

63000 

6  380 

110000  7200 

120000  2600 

28000  2400 

98000  1600 


ol  S«i«ctod  Waters 


Field         yteciiic 
Lab    Temp,  conduciance 
dH        C°        (jUmho/cmt 


.2 

1160 

1107 

as 

1088 

.55 

201 

42 

595 

.21      7.7       19 
.07      7.6       17 


2960 

1740 

104900 

4320 

285500 

6480 

2ceo 

1240 
2730 


243400   23400 


2407 
2297 
963 


4230 
1100 
16600 


2920 
3070 
2760 
3110 


Total 

Sodium 

Wall 

Trace 

alkaliniiv 

adsorption 

Collecting   deinh 

Aquifer  elamants       Lab 

asCaCOj 

ratio 

agoncv         lit.) 

coda     analyzed   number 

176 

., 

WQ8 

ve« 

76W1092 

463 

5 

\NQB 

yes 

76W0489 

730 

Unknown 

211J0HV 

no 

70MS002 

372 

6 

V»Q8 

yes 

78W1091 

160 

Unknown 

2iijonv 

no 

70MS001 

391 

5.4 

WQB 

yes 

7SW1095 

404 

1.4 

WQB 

yes 

76W1093 

332 

1.4 

WQB 

yes 

76Wt094 

S3 

2 

WQB 

no 

76W0495 

126 

3.6 

WQB 

no 

76V«OSaO 

241 

Unknown 

331CRLS 

no 

5SM0004 

189 

Unknown 

337MSNC 

no 

S3M0002 

310 

258 

Unknown 

33icnLS 

no 

67M0004 

120 

595 

Unknown 

331CRLS 

no 

6SM0049 

47 

.1 

WQB 

no 

76W049e 

356 

4 

WQB 

yes 

76W0497 

229 

Unknown 

331CRLS 

no 

66M0029 

120 

1362 

Unknown 

337MSNC 

no 

64M0O23 

594 

Unknown 

337MSNC 

no 

57M0008 

96 

.2 

WQB 

yes 

76WiaS0 

125 

., 

WQB 

yes 

76W1078 

468 

3.7 

WQB 

yes 

7eW1077 

500 

Unknown 

320AUSO 

no 

64M0020 

160 

Unknown 

32aAMSO 

no 

63M0008 

160 

239 

Unknown 

331UC)SN 

no 

63M0012 

137 

1.3 

WQB 

yes 

7eW1079 

119 

Unknown 

331CRLS 

no 

S6M0014 

168 

Unknown 

331CnLS 

no 

56M0013 

99 

Unknown 

331CflLS 

no 

S4M0009 

473 

WQB 
WQB 

no 

7SW1443 
7SW1442 

425 

7.8 

WQB 

yes 

7SW1075 

615 

10.9 

WQB 

yes 

76W1076 

600 

11.6 

WQB 

yes 

76W1074 

235 

3.2 

WQB 

yes 

7OIV1073 

339 

WQB 

no 

7SW1440 

170 

588 

Unknown 

331CRLS 

no 

64MO022 

196 

Unknown 

331MOSN 

no 

54M000e 

215 

Unknown 

337MSNC 

no 

52M0006 

310 

491 

Unknown 

331CFILS 

no 

S7M0002 

WOLF  POINT 


WOLF  POINT 
Chamicil  Andyni 


iiH                 UiuiKon 

laiu 

Calctum 

tium 

Sodium 

iKim 

Iron 

.«.         r      l>     a^:  Iiacl 

Mo 

Day 

,    Y, 

Sourcv 

ICal 

IM9I 

INal 

(Kl 

(F«l 

(i/   7BN51C  25  AC 

01 

09 

67 

Well 

820 

85 

22000 

650 

G8  ?8N!,IE  27  AC 

01 

24 

56 

Well 

1400 

230 

22000' 

/I    ?;N47E  lb 

Wdl 

18 

1900- 

n   2eN48E02CA 

oe 

31 

75 

Smp 

389 

634 

5800 

19.3 

83  27N60E  35 

08 

30 

75 

RKwr 

55 

54 

424 

8.5 

<  01 

84  27N51E  08  000 

12 

27 

65 

Wvti 

8900 

1400 

68000' 

88  26N54E  IS  BBB 

06 

IS 

76 

CfMk 

S3 

204 

1028 

11 

<.01 

91    26N  5SE  01  DBS 

06 

IS 

76 

Cr«k 

124 

178 

566 

IS 

01 

100  37N58E05CA 

09 

28 

66 

Will 

5000 

890 

110000' 

108   36NS3E  18  OB 

oe 

02 

75 

Pit 

1500 

109  36N53E  19  B 

08 

02 

75 

Pil 

2500 

113  35NS8E28 

07 

30 

75 

Pil 

422 

114  36N98E26 

07 

30 

75 

Spcinq 

525 

115   36N58E  26 

07 

30 

75 

S(Xin« 

525 

lie  38N58E  36 

07 

30 

75 

Uki 

89S0 

1 1 7   36N  S8E  36 

07 

30 

75 

Trtnth 

29300 

119  36NS8E27  0A 

07 

31 

75 

Pond 

SSOO 

122  36N58E  32 

07 

31 

75 

Pond 

276 

123   35N58E  17 

07 

30 

75 

Pood 

700 

124   3SN58E  17 

07 

30 

75 

Wall 

198 

12b  3SNS8E17  07  30  7S  Well 

1 76  35N  58E  09  07  30  75  Pond 

127   35N  58EI7CA  07  30  75  Pn 

I2H  35N58E  19  07  30  75  Pil 

133  35NS5EI4  0eC  06  17  76  CtMli 

135  35N54E  16CDA  06  17  76  Creek 

1 38   3SN  54C  29  BC  A  06  17  76  Creek 

141    35N52C09BAD  06  1 7  76  Creek 

145   34N52E03  00  08  03  75  Well 

147  35N  55E  21  COO  06  16  76  Creek 


3600 

3800 

4000 

BB 

45.4 

US 

10.3 

40.9 

277 

155 

8.1 

1. 

41.7 

379 

72 

9.4 

14 

59 

48.2 

443 

820 

15.3 

1. 

35000  2200 
36000  1400 
2400 


21 

2700 

10 

1926 

180000 

770 

2875 

770 

3850 

55 

750 

11 

4600 

1200 

1200 

300 

257 

15 

721 

1100 

7 

530 

15 

920 

6840 

20 

7450 

160 

5850 

80 

150   33N56E05AB 

08 

30 

57 

Well 

1400 

320 

62000' 

151    33N56E03CC 

09 

14 

64 

Well 

750 

140 

110000 

3500 

155  32N55E  27  8AA 

06 

16 

76 

Creek 

47  1 

34 

91 

10.5 

160  32N59E  29  A 

10 

26 

60 

Well 

12000 

1600 

110000 

4200 

161    32N59E  32  CO 

03 

20 

68 

Well 

170 

36 

5700 

100 

165  32NS7E  30 

04 

09 

76 

Lake 

34.8 

23.8 

no 

166   32N  57E  31  A 

05 

06 

76 

Lake 

34.1 

39.3 

ISO 

167    32N55E  36 

04 

09 

76 

Lake 

40.8 

19.5 

96 

N<iin:    All  chemicel  data  are ' 
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8.02 

17 

21000 

22310 

3S80 

8.3S 

15 

2282 

1626 

360 

6.3 

28000 

78 

9,1 

23 

5017 

4277 

997 

OS 

a.o 

5.S 
6.9 

748 
7.65 
7.97 
8.08 
944 

6.6 
7.48 
9.31 
8J5 
7.37 

7  55 
8.1 
7.97 
7  67 

21 

3749 
3040 

12000 
2420 
2613 
2560 

26000 

50000 
3S600 
1384 
4310 
2044 

2822 
17300 
19400 
14000 

2998 

1040 
16100 

12 

3  0 

1088 

725 

256 

22 

8.2 

1704 

626 

216 

12 

7.85 

1704 

484 

260 

12 

8.0 

2315 

1677 

34S 

78 

16 

4<iOO 

11 

7  9 

956 

550 

424 

4810 

291800 

2450 

549 

258 

323900 

36600 

15140 

573 

73* 

•n 


2C7 


Unknovxn 

33IKBBV 

no 

67M0003 

Unknovnn 

331HeTH 

no 

56M0012 

Unknown 

2njDBV 

no 

42M0002 

woe 

no 

7SW1762 

WQB 

yes 

7eMI71S 

Unknowwn 

331CRUS 

no 

e5M0047 

woe 

yea 

7eW1071 

WQB 

yet 

76W1072 

Unknown 

331MOSN 

no 

66M0030 

was 

no 

7SW1437 

WQB 

no 

7SW1438 

WQ8 

no 

75W1434 

WQB 

no 

7SVII1430 

WQB 

no 

7S*yi431 

woa 

no 

7WK1429 

WQB 

no 

7SW1428 

WQB 

no 

7SW1435 

WQ8 

no 

7SW1441 

was 

no 

75W1433 

WQB 

no 

7SW1428 

WQB 

no 

75W1427 

WQB 

no 

75W1432 

WQB 

no 

7SW142S 

WQB 

no 

7SW1424 

WQB 

yea 

76V«ia87 

WQB 

yes 

7eW1C88 

WQB 

yes 

76W1089 

WQB 

yes 

76W1090 

WQB 

no 

75W1439 

WQB 

yet 

76W1086 

WQB 

yes 

76W1085 

WQB 

yes 

78Wiae4 

Unknown 

337MSNC 

no 

57M0011 

Unknown 

331MOSN 

no 

64*10024 

WQB 

yes 

76^1082 

Unknown 

337MSigC 

no 

60M0011 

Unknown 

217MOOY 

no 

68M0004 

MF&G 

no 

02W0010 

MF4G 

no 

75W0638 

MF»G 

no 

02W000B 

WOLF  POINT 
Qmnicil  Anatym 


Nfelti  Coltoctton 

tf)  Location  dale 

.10        T      H    Sit  T.act  Mo  Oa»   Vr 

16B   32N66E31CCB  06    16  76 

169  3?N  66E  31  CCB  06    16  76 

1 70  32N  55E  30  000  06    16  76 

173  31N4SE  23  AA  01     31  67 

174  31N46E23  AA  01    01  57 

175  30N45E24A0  03    02  56 

176  30N4SE24A0  03    16  56 
1  77   36N  S8E  27  07    30  75 

1 78  3SN  58E  1  7  ADD  03    07  77 

179  27N50E  36  07    27  76 


Source  ICal  IM9I 

Lake  40.4  20 

Lake  34.5  36.i 

Crnk  61  SS 

Wail  1300  240 

Wall  480  190 

Wall  760  150 

Wall  10000  2000 

Saac 

Wall  164  88 


13000* 

110000' 

5800 


Manga-  8  rear.       Car. 

Iron       naie       Silica    bonaia     bonata  Chlorida     Sulfate 
IFel       IMnI      ISiO^I   (HCO,l    ICO,l        Id)  (SO,l 


35000 

4200 

14000 

2300 

18000 

4300 

190000 

510 

12100 

103 

181    26N4SE15CB  03  16  76  Creek 

183  26N  44E  01  CCB  09  06  S3  Canal 

184  26N  44E  10  BOG  09  05  63  Well 

185  26N  4SE  03  AAA  09  06  63  Well 

186  26N4SE07  AOA  09  09  63  Well 


187  76N46E  02  088  1 1  06  63  Well  132 

188  26N46E02DCD  10  22  63  Well 

189  26N52E06CD  07  28  64  Well  1100 

190  26N  58E  01  BAD  04  15  64  Wall  256 

191  27N45E33COO  10  09  47  Well  14 


130        15000 


522 
2600 

1400 
1010 


192  27N46E  26ABA  11  1 7  63  Well 

193  27N  46E  26  DOC  10  08  63  Well 

194  27N  46E  35  OCD  10  22  63  Well 

195  27N47E14CC  10  18  63  Well 

196  27N47E  15  AC  10  10  47  Well 


22 


5.4      3.5  .53     18 

54     5.1  .53     20 

80     2J  16 


61 


197  27N47E15C8  10  15  47  Well 

198  77N47E  tSOCC  10  16  64  Well 

199  27N47E21  AAO  10  16  64  Well 

200  27N47E22B80  10  16  64  Well 

201  27N  47E  24  CCC  07  23  64  Well 

207  27N  47E  25  DO  09  05  63  Well 

703  27N  47E  25  DO  10  10  47  Well 

204  27N48E02OCA  10  15  64  Well 

205  27N  48E  07  BOB  09  07  63  Well 
706  27N  48E  07  OCO  09  07  63  Well 

207   77N48E11AC8  09  07  64  Well 

708  77N48E  IOCS  10  10  47  Well 

709  77N  4SE  20  DBA  09  06  63  Well 
210  77N  48E  78  D  09  06  63  Canal 
711    77N4aE30ABA  07  23  64  Well 


■  oTherwtM  naied 


I  2    ShcM  (Cont.) 


of  Macttd  Wn«n  (Com.) 


Fluo>  Field        SfMCific        Oissotw«d       Total 

rid«     i.ab   Timw.  conductanct      lolids        hardnast 
IF)       pH       c"       l(inino/cml       Icalc.)       asCaCO, 


Total 

llkahnity 
isCaCO, 


Wall  Tnca 

Collecting   datlth     Aquifar  slefiwmt        Lab 
aqancv        (ft.)  coda     analyzed  number 


6.6 

2520 

284 

6.0 

33200 

133 

7.46 

30200 

313 

7.35 

1903 

13SS 

772 

600 

8  4       20 

2212 

1842 

393 

419 

1150 

742 

304 

2800 

2127 

689 

686 

244 

2190 

1594 

519 

1960 

173 

43350 

3280 

3610 

2888 

1060 

2670 

1974 

220 

614 

388 

80 

2090 

1476 

455 

1950 

1365 

396 

2150 

1523 

344 

1740 

1132 

412 

1890 

1349 

320 

1630 

1103 

248 

1590 

1083 

272 

1590 

1094 

223 

1430 

1004 

477 

1900 

1209 

568 

1820 

1383 

664 

3700 

2790 

536 

3880 

540 

2540 

laoe 

447 

3340 

2565 

679 

1500 

986 

414 

UF&G 

nc 

1        75W0639 

WQ8 

vc 

%       76W10ei 

WQ8 

v< 

rs       76W1083 

UnknoDwn 

337MSNC     n< 

I        S7M0010 

Umtnown 

337MSNC      nc 

)        57MOO09 

UnknOMKi 

224PIPH         nc 

>       56M0005 

Unknown 

331CRLS      nt 

1       56M0O1S 

VUQB 

nc 

1        7BW1438 

Private 

70 

12STGRV     n< 

>        76Mt648 

EPA 

vei       76W1712 

was 

nt 

)        76W0489 

uses 

nc 

>       63M002S 

uses 

18 

110ALVM     nc 

1        63M0056 

USGS 

48 

110ALVM     nc 

1        63M0OS7 

USGS 

63 

110ALVM     nc 

1        63M0058 

USGS 

106 

ItOALVM     nc 

>        S3M00S3 

USGS 

105 

110ALVM     nc 

1        63M0026 

Unknown 

331MOSN     nc 

)       84M0021 

USGS 

90 

IIOALVM     nc 

>       S4M00S4 

USGS 

21 

110ALVM     nc 

1        47M0057 

USGS 

42 

IIOALVM     nc 

1        63M0060 

USGS 

80 

llOALVM     nc 

1        S3M0061 

USGS 

73 

IIOALVM     nc 

I        63M0062 

USGS 

106 

IIOALVM     nc 

I        63M00S2 

USGS 

93 

IIOALVM     nc 

1        47MO0S4 

USGS 

100 

IIOALVM     nc 

1        47M0055 

USGS 

110 

IIOALVM     nc 

1        64M0045 

USGS 

100 

IIOALVM     nc 

1        84M0046 

USGS 

94 

IIOALVM     nc 

1        64M0047 

USGS 

54 

IIOALVM     nc 

1        64M0039 

USGS 

20 

IIOALVM     nc 

>        64M0043 

USGS 

20 

IIOALVM     nc 

1        47M00S8 

USGS 

51 

IIOALVM      nc 

>        64M00S3 

USGS 

48 

IIOALVM      nc 

1        63M0044 

USGS 

58 

IIOALVM     nc 

1        63M0055 

USGS 

52 

IIOALVM     nc 

1       64M0052 

USGS 

36 

IIOALVM     no 

>       47M00S2 

USGS 

65 

IIOALVM     no 

63M00S4 

USGS 

nc 

I        S3M0036 

USGS 

60 

IIOALVM      no 

.       S4M00S0 

Mbp  Collection 

rvl.             Locafion                date  CalciuiT 

r>o        T     R    Sk  Tract  Mo  Day    Yt  Source  (Cat 

212  ?7N4SE  30BBA  10  14  64  Wall  362 

213  27N48E  30CAO  08  29  64  Wall  80 

214  27N4SE  01  ADA  10  10  63  Wall 
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ABSTRACT 


One  hundred  samples  of  benthic  algae  were  collected  from  surface  waters 
in  eastern  Montana  suspected  of  being  influenced  by  dryland  salinity.   The 
class  Bacillarlophyceae  (diatoms)  was  the  most  abundant  and  diverse  group, 
dominating  62  percent  of  the  samples  and  represented  by  291  distinct  taxa  in 
38  genera.   Diatom  species  diversity  was  inversely  correlated  with  specific 
conductance  and  the  relationship  was  significant  to  the  1  percent  level  of 
probability.   Several  taxa  with  documented  brackish  water  affinities  were 
among  the  more  common  diatoms  encountered.   The  spectriim  of  salinity  values 
for  the  waters  surveyed  (332-42519  mg/1  TDS)  eclipsed  the  maximum  and  minimum 
tolerances  for  many  of  the  diatom  taxa  described.  Although  blue-green  algae 
comprised  a  relatively  minor  portion  of  the  total  flora,  potentially  toxic 
taxa  were  present  in  25  of  the  100  collections.  A  determination  of  the 
immediate  threat  to  livestock  from  consumption  of  waters  containing  these 
algae  and  documentation  of  possible  toxic  algae  blooms  in  stockponds  across 
eastern  Montana  could  not  be  accomplished  given  the  methods  employed  in  this 
survey.   Proposals  are  made  for  educating  ranchers  on  the  potential  toxic 
algae  problem  and  for  establishing  a  biological  salinity  impact  monitoring 
network . 
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INTRODUCTION 

This  report  describes  the  attached  or  benthic  algae  (phycoperiphyton) 
found  at  100  different  sites  on  a  variety  of  surface  waters  in  eastern 
Montana  suspected  of  being  influenced  by  dryland  salinity.  Most  of  the  waters 
sampled  were  small  first  and  second-order  streams,  however  they  ranged  in 
size  from  tiny  spring  seeps  to  the  Missouri  River  at  the  Fred  Robinson  Bridge. 
An  assessment  is  made  of  the  susceptibility  of  livestock  and  wildlife  to 
potentially  toxic  blue-green  algae  encountered  in  these  waters.  Diatom  taxa 
useful  as  salinity  indicators  are  identified  and  their  respective  salinity 
tolerances  are  described. 

Salinity  in  surface  and  ground  waters  is  a  well-known  and  long-standing 
problem  in  eastern  Montana.  In  recent  years  salinity  levels  in  certain  waters 
have  been  increasing  (5,  15).  It  is  believed  that  a  major  contributor  to  this 
growing  problem  is  the  process  called  saline  seep  (4,  9,  20). 

Salinization  of  surface  waters  used  by  livestock  has  been  implicated 
in  recent  reports  of  cattle  deaths  near  stock  ponds  in  saline  seep  areas  (29)  . 
These  waters,  in  addition  to  the  high  concentrations  and  array  of  dissolved 
minerals  and  nutrients  they  are  known  to  contain,  may  harbor  strains  of  blue- 
green  algae  that  are  lethal  to  livestock  and  wildlife  following  water  blooms 
(7,  19,  22,  31).  Species  containing  suspected  toxic  strains  are  known  to 
occur  in  a  broad  band  across  the  northern  United  States  and  southern  Canada, 
and  may  be  found  in  waters  having  a  total  dissolved  solids  content  of  up  to 
20,000  mg/1  (25,  26). 

The  primary  objective  of  this  survey  was  originally  to  determine  whether 
potentially  toxic  blue-green  algae  regularly  form  water  blooms  in  reservoirs 
frequented  by  livestock  and,  if  they  do,  what  factors  contribute  to  such  blooms. 
Their  occurrence  in  waters  affected  by  irrigation  or  dryland  salinity  may 
present  an  additional  and  unsuspected  operating  hazard  to  eastern  Montana  live- 
stock producers.  Small  streams  in  eastern  Montana  are  often  intermittent  and 
cannot  be  relied  on  as  a  source  of  stock  water  the  year  round.   Impounded  in 
reservoirs,  water  is  available  for  all  of  the  ice-free  season.  Most  potentially 
toxic  species  of  blue-green  algae  are  planktonic  and  realize  their  full  lethal- 
ity only  following  a  bloom  in  the  open,  standing  water  of  lakes  and  reservoirs 
(7) .  It  was  therefore  proposed  initially  that  at  least  50  of  the  100  algae 
samples  be  taken  from  the  plankton  of  stock-watering  reservoirs  (3).  Unfor- 
tunately, due  to  time  and  access  limitations,  only  a  handful  of  samples  (eight) 
were  collected  from  such  waters;  all  were  taken  from  the  periphyton  and  none 
were  taken  from  the  plankton.  Consequently,  the  results  from  this  phase  of  the 
survey  are  inconclusive. 

However,  another  useful  purpose  has  been  served  by  completion  of  this 
survey.  Algae,  particularly  diatoms,  are  useful  as  monitors  of  water  quality. 
Because  they  directly  utilize  dissolved  minerals  and  nutrients  in  their 
metabolic  processes,  they  are  orders  of  magnitude  more  sensitive  to  changes 
in  the  ambient  concentrations  of  these  elements  than  either  invertebrates  or 
fish.  They  reproduce  much  faster  than  invertebrates  or  fish,  hence  their 
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rcHpunae  is  more  lmni(.'diate.   They  are  also  less  mobile  and  less  able  to  evade 
the  consequences  of  pollution.   As  biological  organisms  they  integrate  the 
effects  of  all  the  various  physical  and  chemical  factors  to  which  they  are 
exposed.   The  environmental  requirements  and  pollution  tolerance  of  many 
freshwater  diatoms  have  been  documented  (17).   The  absence,  or  when  present 
the  relative  abundance,  of  certain  species  and  varieties  may  indicate  specific 
water  quality  conditions. 

The  waters  sampled  in  this  survey  vary  in  salinity  from  levels  typical 
of  freshwater  to  and  exceeding  those  of  sea  water.   Given  such  a  broad  range 
in  total  ionic  load,  the  correlation  of  dissolved  solids  and  electrical  conduc- 
tivities of  these  waters  with  the  relative  abundances  of  their  more  common 
diatom  taxa  will  make  it  possible  to  identify  certain  species  and  varieties 
that  may  serve  as  salinity  indicators.   Such  taxa  may  be  used  in  lieu  of  or 
in  concert  with  physicochemical  analyses  as  markers  of  salinization  in  surface 
waters  of  eastern  Montana. 

One  incidental  benefit  will  accrue  from  completion  of  this  survey.   It 
will  enhance  our  knowledge  of  the  distribution  of  diatoms  in  Montana  and  will 
represent  a  significant  contribution  to  a  statewide  diatom  flora  now  in  initial 
stages  of  preparation. 


METHODS 


I 


One  hundred  samples  of  benthic  (attached)  algae  were  collected  from  100 
different  sites  in  eastern  Montana  by  personnel  of  the  Water  Quality  Bureau 
(Montana  Department  of  Health  and  Environmental  Sciences),  the  Montana  Bureau 
of  Mines  and  Geology,  and  by  this  writer.  Dates  and  locations  of  algae  samples 
are  listed  in  Appendix  A.   Collectors  were  instructed  to  sample  macroscopic 
algae  in  proportion  to  their  abundance  at  a  given  site  and  to  scrape  microscopic 
algae  from  natural  substrates  roughly  in  proportion  to  the  importance  of  each 
substrate  (rocks,  mud,  etc.)  at  each  site,  thus  giving  a  representative  composite 
sample  (2).   Substrates  were  scraped  with  a  carefully  cleaned  scalpel  or  pocket 
knife.   Samples  were  labelled,  preserved  with  Lugol^s  (IKI)  solution  and  shipped 
to  Helena  for  microscopic  analysis.   In  most  cases  a  water  sample  was  collected 
on  the  same  date  as  the  algae  sample.  Water  samples  were  analyzed  for  dis- 
solved solids  and  electrical  conductivity  at  the  Department  of  Health  laboratory 
in  Helena.   In  some  cases,  field  conductivity  measurements  accompanied  the 
algae  sample. 

Algae  samples  were  analyzed  microscopically  as  follows.  Macroscopic 
filamentous  algae  were  placed  on  a  glass  slide  roughly  in  proportion  to  their 
abundance  in  the  sample.   The  sample  was  then  agitated  and  an  aliquot  of 
suspended  microscopic  algae  was  pipetted  onto  the  same  slide.  A  coverslip 
was  added  and  this  "wet  mount"  was  scanned  under  low  magnification  (lOOX)  to 
estimate  the  relative  Importance  of  algal  taxa  in  the  sample.   (A  magnification 
of  AOOX  was  used  for  critical  identification  of  taxa.)  Whenever  possible  the 
more  common  taxa  were  assigned  an  order  of  rank.  At  this  stage  diatoms  were 


The  salinity  of  an  Inland  water  may  be  regarded  as  the  concentration  of  all 
the  ionic  constituents  present,  according  to  Hutchinson  (13). 
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considered  as  a  group  and  all  other  algae  were  identified  and  ranked  at  the 
Ltjvel  of  genus. 

The  remainder  of  the  sample  was  then  "cleaned"  in  a  mixture  of  concentrated 
siiifuric  acid  and  potassium  dichromate.  This  process  effectively  oxidizes  all 
Lhe  organic  contents  of  the  ornamented  silica  diatom  frustules,  which  is 
necessary  for  accurate  identification  and  enumeration.  Following  repeated 
decantation  and  dilution  with  distilled  water,  the  cleaned  sample  was  thor- 
oughly mixed  and  a  few  drops  pipetted  onto  a  coverslip.   When  all  moisture 
on  the  coverslip  had  evaporated,  a  permanent  mount  was  prepared  by  inverting 
the  coverslip  on  a  heated  glass  slide  containing  two  drops  of  a  high  refractive 
Index  mounting  medium.  The  slide  was  labelled  and  then  stored  to  await  detailed 
diatom  analysis. 

The  permanent  diatom  slide  was  scanned,  first  under  low  dry  (lOOX)  and  then 
under  oil  immersion  (1,000X),  and  a  list  was  prepared  of  those  taxa  that  could 
be  found  within  a  reasonable  length  of  time,  usually  30  minutes.  Diatoms  were 
identified  to  species,  and  to  variety  and  form  where  appropriate  and  possible 
using  available  keys  (10,  23,  24).  Once  a  diatom  flora  was  prepared  for  the 
site,  the  slide  was  examined  under  oil  immersion  beginning  at  one  edge  of  the 
coverslip  until  at  least  100  frustules  were  identified  and  enumerated.  Work 
by  Mclntire  and  Overton  (18)  indicated  that  100  is  about  the  smallest  sample 
size  that  one  can  use  and  still  yield  diversity  and  relative  abundance  values 
reasonably  representative  of  the  diatom  association  as  a  whole.  Percent 
relative  abundance  values  were  calculated  for  each  taxon  and  two  diversity 
Indexes  were  calculated  for  each  sample: 


Margalef's  index  (8) 

D  - 


S  -  1 


In  N 


and  Simpson's  index  (28) 


S 
SD  «  1  -   21 

i-1 


(^) 


where  S  is  the  number  of  species,  N  is  the  total  number  of  individuals  in  the 
sample,  and  n.  is  the  number  of  individuals  in  the  i-th  species.  Percent 

relative  abundance  and  frequency  or  occurrence  were  calculated  for  each  taxon 
over  all  100  samples.  These  two  statistics  were  then  multiplied  giving  an 
abundance-occurrence  index,  which  is  directly  related  to  the  chances  of  finding 
that  particular  taxon  at  any  one  of  the  100  sites  (1). 

At  those  sites  where  water  samples  were  taken,  species  relative  abundance 
and  diversity  statistics  were  correlated  with  specific  conductance  (SC)  values. 
Salinity  optima  and  ranges  of  the  more  common  taxa  were  expressed  in  terms  of 
total  dissolved  solids  (TDS) .   Only  these  two  estimators  of  ionic  load  were 
selected  for  comparison  because  it  is  unlikely,  over  the  wide  range  of  salinity 
encountered,  that  any  other  water  quality  parameters  would  be  as  effective 
at  determining  species  diversity  or  relative  abundance.   Temperature  and 
nutrients,  considered  initially  (3)  because  they  are  known  to  be  significant 
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in  promoting  blooms  of  blue-green  algae  (lA),  were  not  used  in  this  analysis 
because  (i)  the  plankton  community  was  not  sampled,  (ii)  no  known  water  blooms 
were  sampled,  (iii)  blue-green  algae  were  only  a  small  fraction  of  the  entire 
flora,  and  (iv)  spot  temperature  measurements  could  not  have  been  used  with 
confidence  because  of  tanperature ' s  tendency  to  undergo  marked  diurnal 
fluctuation. 


RESULTS 


Non-diatom  Algae 


Non-diatom  algae  in  six  major  groups  and  57  genera  were  encountered  in  the 
periphyton  at  the  100  localities  sampled.  A  complete  list  of  genera  is  in 
Appendix  B.  Because  the  plankton  community  was  not  sampled,  the  great  majority 
of  these  genera  are  attached  forms,  however  a  few  incidental  plankters  were 
encountered. 

Table  1  gives  the  rank  frequency  of  the  most  prominent  non-diatom  algal 
genera.  As  a  group  the  green  algae  were  the  most  important  among  the  non- 
diatoms,  and  Cladophora  was  the  most  abundant  non-diatom  genus.  Following  the 
greens,  the  blue-greens,  chrysophy tes ,  euglenoids,  red  algae,  and  cryptomonads 
were  the  other  non-diatom  groups  in  descending  order  of  abundance.   Besides 
Cladophora,  other  significant  non-diatom  genera  were  Rhizoclonium  and  Spirogyra 
among  the  greens,  and  Oscillatoria  and  Phormidium  among  the  blue-greens. 

The  freshwater  blue-green  algae  suspected  of  producing  strains  toxic  to 
wildlife  or  livestock  are  listed  in  Table  2.  Six  of  the  genera  included  on 
this  list  (Anabaena,  Aphanizomenon,  Gomphosphaer ia ,  Lyngbya ,  Nodularia,  and 
Nob toe)  were  encountered  in  25  of  the  100  samples  (see  Appendix  A) .  Four  of 
these  genera — Anabaena,  Aphanizomenon,  Lyngbya,  and  Nostoc — were  important 
enough  to  be  ranked  in  Table  1 .  None  was  present  in  the  massive  concentrations 
typical  of  a  bloom,  however,  verification  of  the  presence  or  absence  of  a 
bloom  cannot  be  accomplished  without  sampling  the  plankton  community  or  without 
some  record  of  the  collector's  visual  observations.  Nevertheless,  potentially 
toxic  blue  greens  apparently  comprised  a  relatively  minor  portion  of  the  overall 
algal  flora  in  the  waters  sampled.  ' 

I 
Only  one  suspected  toxic  blue-green  alga — Aphanizomenon  flos-aquae — was 
identified  conclusively  to  species.  A.  flos-aquae  was  found  in  two  of  the 
eight  standing  waters  sampled  (Appendix  A) .   It  ranked  second  both  times 
although  the  colonies  were  fragmented  and  appeared  to  be  in  a  sensecent 
condition.   Samples  at  these  locations  may  have  been  taken  shortly  after  the 
peak  of  a  water  bloom  when  many  colonies  of  this  ordinarily  planktonic  species 
had  sunk  to  the  bottom.  Of  the  species  thought  to  produce  toxic  strains,  there 
is  less  evidence  to  implicate  A.  flos-aquae  than  any  of  the  others;  it  is  not 
known  with  certainty  whether  this  taxon  can  be  toxic  (7) . 

The  Diatom  Flora 

Diatoms  representing  38  genera  in  291  distinct  taxa  were  identified  in 
the  100  periphyton  collections.  Many  additional  taxa  were  recognized  but 
could  not  be  identified  using  available  keys.  About  60  percent  of  these  taxa 
were  the  same  as  those  reported  by  Hustedt  from  a  number  of  saline  lakes  in 
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ICiirope  (II,  12).   As  a  group,  diatoms  ranked  among  the  first  three  most 
Important  algae  in  96  of  the  100  samples;  diatoms  ranked  first  62  times, 
second  22  times,  and  third  12  times.   Overall,  it  was  the  most  abundant  and 
dlviTse  group  of  algae  in  the  waters  that  were  sampled.   (See  Table  1  and 
Appendix  B  For  abundance  and  diversity  of  other  algae  groups.) 

Percent  relative  abundance,  percent  frequency  of  occurrence,  and  the 
abundance-occurrence  index  for  each  of  the  291  diatom  taxa  are  listed  in 
Appendix  C.   Relative  abundance  values  are  based  on  a  total  count  of  15,185 
individual  f rustules  (cells) ;  frequency  values  are  based  on  a  total  of  100 
samples.   Achnanthes  minutisslma  had  the  highest  relative  abundance  value, 
contributing  slightly  less  than  10  percent  (9.53  percent)  of  all  the  f rustules 
counted.   Nitzschia  palea  was  the  most  frequently  occurring  diatom,  found  in 
90  of  the  100  samples.   The  maximum  possible  abundance-occurrence  value  would 
l)e  100  percent  relative  abundance  times  100  percent  frequency  equals  10,000. 
N^.  palea  ranked  first  in  abundance-occurrence  (607.60)  and  A.  minutissima 
ranked  second  (409.79).  In  all,  only  18  taxa  had  abundance-occurrence  values 
greater  than  50.  These  taxa  are  given  in  Table  3.  They  may  be  considered 
the  most  common  taxa  in  waters  subject  to  saline  seep  in  eastern  Montana. 
Except  for  those  with  a  broad  ecological  amplitude,  they  are  also  the  ones 
most  amenable  for  comparison  with  water  quality  parameters  and  the  ones  most 
useful  as  indicators  of  surface  water  salinization. 

Salinity  and  the  Diatom  Community 

Specific  conductance  (SC)  measurements,  either  field  or  laboratory,  were 
available  for  94  of  the  100  waters  sampled.  Total  dissolved  solids  (TDS) 
measurements  were  available  for  57  of  those  same  94  waters.  Because  water  - 
use  criteria  for  livestock,  irrigation,  and  human  consumption  are  more  commonly 
expressed  in  TDS  rather  than  SC,  it  was  desirable  to  convert  SC  to  TDS  in  those 
instances  where  TDS  values  were  not  available  and  SC  values  were.  Assuming 
a  linear  relationship  exists  between  the  two  parameters  a  regression  equation 
was  calculated  using  the  57  pair  of  measurements: 

TDS  =  0.85  SC  +  19 

The  remaining  SC  values  were  then  entered  individually  and  the  equation  solved 
for  TDS. 

Margalef  (D)  and  Simpson  (SD)  diversity  indexes  were  calculated  for  the 
97  diatom  associations  that  were  enumerable  (diatoms  in  three  collections 
were  too  sparse  to  count) .   Values  for  these  indexes,  along  with  measured  SC 
values  and  measured  and  calculated  TDS  values,  are  listed  in  Appendix  D. 

Simple  correlation  coefficients  (r)  were  then  computed  between  SC  and 
each  of  the  two  diversity  indexes  for  the  91  sites  having  both  diversity  and 
salinity  data.  The  following  correlation  coefficients  were  obtained: 

'use '-'■''' 

r„^„„  =  -0.468 
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IWUl)  (if  these;  values  arc  slgnlficanr  ro  the  I  percent  level  of  probability. 
Indicating  there  is  a  significant  inverse  relationship  between  salinity  and 
diatom  diversity  in  the  waters  sampled. 

Simple  correlation  coefficients  between  species  relative  abundance  and 
SC  values  were  also  calculated  for  the  18  most  common  diatom  taxa  listed  in 
Table  3.  None  of  the  coefficients  obtained  (Table  4)  proved  to  be  significant,! 
oven  to  the  5  percent  level  of  probability.  Two  factors  might  account  for 
this:   (i)  the  relationship  may  not  be  linear,  and/or  (ii)  other  parameters 
may  be  more  important  in  determing  relative  abundance  over  the  range  of 
salinity  values  for  a  given  species. 

To  test  the  former  hypothesis,  the  percent  relative  abundance  values  of 
two  species  were  plotted  as  a  function  of  SC.  Figure  1  shows  that  within 
the  salinity  ranges  of  these  two  species,  the  relationship  is  more  bell- 
shaped  than  linear,  with  an  optimum  lying  somewhere  between  the  two  extremes. 
Consequently,  a  significant  linear  relationship  could  be  expected  only  on  one 
or  both  sides  of  the  optimum.  Over  the  entire  salinity  range,  any  positive 
and  negative  coefficients  on  either  side  of  the  optimum  could  be  expected  to 
cancel  one  another,  thus  at  least  partly  explaining  the  low  r  values  in  Table  ^ 

Maximum,  minimum,  and  mean  TDS  values  for  25  of  the  more  frequently 
occurring  taxa  are  also  listed  in  Table  4.  Extreme  TDS  values  well  beyond  the 
normal  range  of  a  taxon  and  represented  by  only  one  cell  were  eliminated  from 
consideration  to  discount  any  possible  chance  occurrence.  The  maximum  and 
minimum  values  therefore  delineate  the  normal  salinity  range  for  each  taxon 
in  the  waters  that  were  sampled.  The  mean  TDS  value  is  Intended  as  an 
estimator  of  the  optimum  salinity  level  for  each  taxon. 

DISCUSSION 

Maximum  allowable  salinity  levels  in  water  depend  on  what  the  water  is 
to  be  used  for .  For  human  consumption  salinity  should  not  exceed  500  mg/1 
TDS  (6).  For  irrigation  it  should  not  exceed  5,000  mg/1  TDS  (6),  although 
detrimental  effects  may  begin  at  around  1,500  mg/1  TDS  (30).  For  stock  water 
for  beef  cattle  it  should  not  exceed  10,000  mg/1  TDS  (6),  although  water  in 
excess  of  4,000  mg/1  TDS  may  be  unsatisfactory  (21). 

The  value  of  a  diatom  as  a  water  quality  indicator  is  primarily  a 
function  of  its  ecological  amplitude.  A  taxon  found  over  a  broad  range  of 
salinity  values  is  not  as  useful  for  this  purpose  as  one  with  a  relatively 
narrow  tolerance.  To  illustrate,  the  mean  and  extreme  salinity  levels  of  the 
taxa  listed  in  Table  4  are  superimposed  over  the  maximum  permissible  levels 
for  the  water  uses  discussed  above  (Figure  2) .   In  making  this  comparison,  a 
number  of  points  become  evident.  First,  three  species  are  relatively  valueless 
as  indicators  because  of  their  broad  salinity  range,  which  matches  the  range 
of  TDS  for  all  91  samples.   Second,  none  of  the  taxa  can  be  used  affirmatively 
as  an  indicator  of  water  suitable  for  human  consumption.  The  most  salinity 
intolerant  form — Nitzschia  dissipata — indicates  water  that  is  suitable  for 
livestock  and  most  irrigation  applications.  At  the  other  end  of  the  scale. 
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Amphora  coffelformls  is  indicative  of  water  that  is  unsuitable  for  drinking, 
most  irrigation,  and  probably  stock  watering  as  well.   In  between  these  two 
taxa  are  23  others  with  varying  salinity  ranges  and  means. 

Kolbe  (16)  devised  a  halobion  spectrxnn  for  circumscribing  salinity 
preferences  of  diatom  taxa.   Although  it  was  originally  intended  to  apply 
only  to  chlorides,  it  is  generally  understood  to  reflect  total  salt  concen- 
tration in  its  present  usage.  Kolbe 's  halobion  spectrum  is  presented  in 
Tabic  5. 

Lowe  (17),  Patrick  and  Reimer  (23,  24),  and  others  have  summarized  the 
salinity  preferences  of  a  great  many  diatom  taxa  from  a  large  number  of 
published  reports.  Reported  salinity  preferences  for  the  25  taxa  in  Table  4 
and  Figure  2  are  given  in  Table  6.  These  descriptions  are  generally  in  agree- 
ment with  salinity  ranges  and  means  associated  with  these  taxa  in  eastern 
Montana. 

The  wealth  of  published  information  on  salt  preferences  for  most  common 
Freshwater  diatoms  offers  an  excellent  opportunity  for  devising  a  biological 
system  for  rating  salinity  effects  in  surface  waters.  To  begin  with,  the 
spectral  designations  In  Table  5  could  be  scaled  as  follows: 

ollgohalohous  1.0 

beta-mesohalobous  2.0 

alpha-mesohalobous  3.0 

euhalobous  4.0 

polyhalobous  5.0 

Next,  a  diatom  sample  is  collected  from  a  water  in  question.  The  sample  is 
counted  and  percent  relative  abundance  values  are  determined  for  all  taxa. 
Then  each  taxon  is  assigned  to  one  of  the  above  spectral  designations  and 
weighted  according  to  its  relative  abundance,  which  is  multiplied  by  the 
scaled  value  of  that  designation.  These  products  are  added  and  then  divided 
by  100,  which  puts  the  final  value  within  range  of  the  scale  described  above. 
A  rating  of  less  than  2.0  would  indicate  fresh  (oligohalobous)  water  with  TDS 
less  than  500  mg/1.  A  rating  between  2  and  3  would  indicate  brackish  (beta- 
mesohalobous)  water  with  TDS  between  500  and  10,000,  and  so  on. 

To  further  illustrate  how  this  rating  system  might  work,  an  example  is 
taken  from  the  present  survey.   Sample  0211A  had  six  species  distributed  as 

follows: 

Nnvlcula  pygmaea  43.9%  x  2.0  =  87.8 

N.  clncta  var.  rostrata 

N.  protracta 

N.  odiosa 

Amphora  cof f eif ormis 

Navicula  tenelloides 

100.0         239.6 
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10.7 

X  2.0  =  21.4 

5.0 

X  2.0  =   10.0 

0.8 

X  2.0  =     1.6 

38.8 

X   3.0  =116.4 

0.8 

X  3.0  =     2.4 

The  first  four  listed  taxa  are  considered  beta-mesohalobous  and  should  be 
sc.iled  with  a  value  of  2.0  as  indicated.   The  last  two  taxa  may  be  considered 
alphii-mesohalobous  and  should  be  scaled  with  a  value  of  3.0.   The  sum  of 
products  divided  by  100  gives  a  biological  salinity  rating  of  2.4  or  somewhere 
about  midway  between  500  and  10,000  mg/1  TDS.   The  TDS  value  at  this  site, 
estimated  from  SC,  was  6,394  mg/1. 

The  value  of  a  system  such  as  this,  however,  is  not  its  ability  to 
estimate  TDS.  Even  assuming  it  is  reasonably  accurate  at  doing  so,  it  would 
be  much  simpler  to  measure  TDS  directly.   Its  real  value  lies  in  its  numerical 
representation  of  the  collective  response  of  a  significant  portion  of  the 
biological  community  to  a  given  category  of  stress  applied  over  a  period  of 
time.  After  refinement  and  testing,  such  a  scaling  system  could  be  used  for 
monitoring  the  biological  response  to  surface  water  salinization  in  eastern 
Montana. 

CONCLUSIONS  AND  RECOMMENDATIONS 

This  survey  has  established  the  potential  of  algal  toxicity  to  livestock 
and  wildlife  in  one  quarter  of  the  waters  sampled.  However,  for  a  variety 
of  reasons  repeated  below,  no  statement  can  be  made  regarding  the  immediate 
danger  to  such  animals  posed  by  possibly  toxic  algae  consumed  in  waters 
subject  to  saline  seep  in  eastern  Montana: 

1.  Most  of  the  samples  were  collected  in  the  spring  of  the  year,  a 
time  when  blue-green  algae  do  not  reach  their  full  growth  potential. 

2.  Water  blooms,  responsible  for  most  cases  of  algal  toxicity, 
ordinarily  develop  only  in  the  plankton  of  standing  waters.   Such 
waters  (reservoirs)  are  also  the  most  dependable  water  supplies  for 
livestock  and  wildlife.   Standing  waters  accounted  for  only  8  of 
the  100  collections  and  the  plankton  community  was  not  sampled  in 
any  of  these. 

3.  Taxonomic  identification  does  not  confirm  the  presence  or  absence 
of  a  toxic  algae  problem.  Different  strains  of  the  same  species, 
undistingulshable  under  the  microscope,  can  form  blooms  that  are 
deadly  or  merely  obnoxious. 

4 .  About  85  percent  of  the  samples  were  collected  by  individuals 
unfamiliar  with  algal  growth  forms  and  sampling  techniques. 
Although  unlikely,  these  individuals  may  have  overlooked  concen- 
trations or  blooms  or  potentially  toxic  algae. 

Nevertheless,  the  potential  is  significant  enough  to  warrant  an  effort 
to  educate  livestock  producers  of  the  problem.  Ranchers  should  be  warned  to 
refrain  from  watering  their  livestock  with  waters  having  a  green  "pea  soup" 
appearance,  which  may  develop  from  late  summer  into  autumn.  Ranchers,  county 
extension  agents,  and  other  local  agricultural  people  should  be  advised  to 
send  samples  of  such  waters  to  the  Water  Quality  Bureau  for  analysis.   If 
the  sample  contains  a  potentially  toxic  species  in  concentrations  typical  of 
a  bloom, the  water  should  be  tested  in  laboratory  animals  following  standard 
clinical  procedures.  Ranchers  should  also  be  advised  to  submit  for  analysis 
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samples  of  any  waters  suspected  of  causing  death  or  sickness  in  livestock 
regardless  of  the  water's  appearance.   All  samples  should  be  submitted  as 
soon  as  possible  after  toxic  effects  become  apparent  or  a  bloom  appears.  A 
pint  or  quart  jar  of  water  scooped  from  near  shore  would  be  a  sufficient 
sample  for  diagnosis  of  a  toxic  algae  problem. 

A  statistically  significant  relationship  exists  between  high  salinity 
levels  and  low  biological  diversity  in  the  waters  sampled.  More  subtle 
changes  in  species  relative  abundance  and  gradual  replacement  of  less  tolerant 
species  also  accompanied  salinization.   The  diatom  component  of  the  periphyton 
community  may  prove  to  be  a  sensitive  monitor  of  the  biological  effects  of 
salinity  increases  in  surface  waters  of  eastern  Montana.  Most  of  the  species 
encountered  are  widely  distributed  and  their  salinity  preferences  have  been 
well  documented.  Enough  information  on  the  autecology  of  various  species 
exists  for  constructing  a  salinity  impact  rating  systan  based  on  salinity 
preferences  and  species  relative  abundance. 

This  consultant  proposes  establishing  a  biological  salinity  impact 
monitoring  network  composed  of  10  to  20  stations  on  a  few  key  waterways  in 
eastern  Montana.   Existing  water  quality  monitoring  stations  of  the  USGS  or 
Water  Quality  Bureau  could  be  adopted  and  new  stations  set  up  where  there  is 
significant  evidence  of  increasing  salinization.   In  addition  to  the  standard 
physical  and  chemical  water -quality  parameters,  the  network  would  emphasize 
periodic  measurements  of  diatom  community  response.  Including  species  diversity, 
species  relative  abundance,  and  periphyton  biomass  accrual  on  artificial 
substrates. 
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n«ui  and  nuw;#  of  TO 
clwits  (rgj,)   for  25 


trrm   wnlera    ■lubj'ft 


Nltuchla  disslpatA  (tU) 

Cynb^la  ninuta  (Onl) 

Navlcula  cryptocaphala  var.   v«nAtA 

(Hcv) 
Achnantnsa  ■Inutlsslaa  (A«) 
Dlatoaa  tanus  var.   sloiwatun   (Dt*) 
(Kvlcula  cryptocwphaia  (Nc) 
N.   wervta  var.  aplcnUata  (N«a) 
Surlrfllla  ovata  (So) 
Cyclotalla  aamiffhlnlana  (Qie) 
ri«uroal«aa  dallcattUus  (Pd) 
Navlciila  pvraffrlna  (Np*) 
SyiMdxa  faaellRa  {aTam) 
Elltsacnia  fniatuluai  var.   subnallna 

(W.) 
M.  apieulata  (Nap) 
R.   palM  (Kp) 
N.  acieularls  (Mac) 
EhtoBonala  papulosa  (Ep) 
Navlciaa  clncta  var.   roatrmta  (Ncr) 
NitMchia  fruBtuluB  (Hf) 
SynWLra  faoclculata  (Sfaa) 
Ravicula  pyismaaa  (itpy) 
N.   twnlloldM  (Ift) 
H.   aallnaiUB  (Hs) 
Nltsachla  conunla  (Nco) 
Aaphora  eoffalfozvls  (Ac) 
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Table  5.     Haloblon  (salinity)  sp«:tniii  Rodlflad  fro*  Kolb«  (l6)  u 
r«portad  by  Lowe  (l7). 

FrMhwatar  (01i«ohalobous)  <  500  wj\  TDS 

halophobouai   do«8  not  tolerate  anall  amounts  of  salt 
indifferent  I    tolazateB  saall   aaounta  of  salt 
halophllouai   stlJiulated  by  aull  aaounts  of  salt 
Braeiclah  water  (Heaohalobous)  ^30  -   30,000  n^/i  TDS 

beta  rangei   500  -    10,000  m«/l  TDS 
alpha  rmnsei    10,000  -   30,000  ag/l  TDS 
Marine  (luhalobous)  30.000  -  40,000  ■«/!  TDS 

Eirtra-«arlne  (Polyhaloboua)  >'*0,000  "g/l  TOB 

Sbryhalinoua  (Ebryhalobeus)i     occurs  over  a  broad  range  of  salt  con- 
centrations,  encaBpasBlng  two  or  aore  larite  spectral  deel^natlqai 


Rsportad  salinity  praf « 
t«t«rB  Bub^t  to  saline  < 


*1^^"fmhTt  »lnutlssiaa 
Pl*tq»a  tsnue  var.  elongatta 

N.  secrsta  var.  aoigu^ata 
Surlrella  qj^ta 
Cvelotella  ■sneghinlana 
Pliiroaljna  deliea^sAV 
fav^puj,^  psrs«:j.na 

Synytrp.  faaej.ica 

Wltesyt};^  fmstuliy  var.  sub«alina 

N.    ap;.ct4f^ 

K.   palea 

>!.   acieularls 

aitowopele  paludosa 

Mavlgylft  clncta  var.  rostrata 
mtsschla  fruatttlUB 


\,  fMClculata 

H.  tsnallo^ea 


Salinity  Prsfersnce 

iwUfferent   fl?) 

indifferent   (17),   ollfohalobous  (?•) 

indifferent  to  Aesohaloboua  (l?) 

fresh  to  brackish  water  (23) 

Indifferent   (l?) 

ollfoftalobouB  (23) 

halophiloua  (l?) 

freeh  to  slightly  bracklah  (23) 

indifferent  U?) 

freah  to  slightly  brackish  (23) 

fresh  water  of  high  aineral  ediUi 

indifferent   (i7l 

nalophllous   (17) 

freah  to  bracklah  (23) 

■•so  halobous  (l?) 

bracklah  (23) 

high  aineral  content  (2^) 

wsakly  sallns  water  (lo) 

■esohaloboua  (l7) 

lallfferent  (l7) 

IMlfferent  (l7) 

•••ohaloboua  (I7) 

■oderatsly  high  conductivity  (H) 

total  hardnss^  376  ng/l  (7?) 

halophllous  to  indifferent  and 

euryhalobouo  (l7) 
high  conductivity,  slighUv  bnok^ 
ham  fresh  to  brackish  (23) 
aerophil  (23) 

hard  freeh  to  bracklah  (23) 
Indifferent  (l7) 
■•eohalobous  (l?) 
high  conductivity  (2'*) 
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ponds  •  R^oroaalng  (BalnrlUa),  Rooaavalt  Co.. 

2SR.  5BE.20SOD 

Sand  *..  Rooaaaalt  Co,,   30». 38I.  1*0CC 

HoOoy  Or.  •  Hay  5.  Sharldan  Co..   35».5*E.l*aBC 

Orsll  Cr. ,   Yalloaatoaa  Co.,    IN.23E.05IIIID 

""  "s«a  Cr.,   lalloaatona  Co..    1H.23E.03]1IX> 

^t^ss*  aaap.   Talloaatona  Co.,  *H.25E.09CDC 

"«o.   21".   3tlUi«tar  Co. .    lR.23I.06m) 

Oova  Or.,   Talloaatona  Co.,    1H.2*E.15DC* 

Craak,    talloaatona  Co.,  2B.2*E.32CBB 

fcall  puddla,   Yalloaatona  Co..  *H.25E.06CT 


15-76 
6-16-76 
6-16-76 
6-17-76 
6-16-76 
6-16-76 
6-16-76 
6-16-76 

6-16-76 
6-17-76 
6-2*- 76 
6- 2*- 76 
6-25-76 
6- 2*- 76 
6-2U-76 
6- 2*- 76 
6-25-76 


••latara  eoatalalag  a  apaolaa  of  blaa-(raaa  al«aa  UptaaiasiMaoa 
flaa-aaaaa)  aaspastad  of  pradasls«  atralaa  ttat  ara   tnlsta 
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ZmnmTm  of  non*dlJit(M  Mlxaa  found  In   Lhn  iMvrtphyion  'if  tturfium 
imtm-s  aiMpVPt.ad   to  b«i   InnuanrMl   by  nAllrw  nmifi    In  MMitam 


Chlorqenyt*  (ijrawi  U«u)     25  0«iwrB 
AftkiiitrodMKLa 
BulboohMls 

Chloroooeeua 
ChlorostMiluB 
dadopnoiK 

CloatarluB 


ftttaroBorphK 
GlfMoeyntta 
Honildlua 

Partliwtrua 

nAfiktonptoarlR 

nAtyaofiM 


Sti<«oalonlua 

Ulothrlx 
ZcjmvM 

*tfltnWflTM  (•uclwwld  «!<«•)     3  G«n«rs 

Bufflana 

QjpfCDhrt*  («old«n-broim  U«m)     8  GsMim 
Chnnwlopala 
ChryvoehroBulim 
Chry«enoeeiui 

OUtOM 

OtnobrroR 


Omtaohrtf  (blu*-«rMA  «1«m}     19  Gwiam, 


•AphUlBOMROt 

Calothrlx 


Hy«lla 
•Lyngbya 

M«ri«wpadia 
•Nodultfia 

OaolUatorlft 

PhorvidluB 

Rlvularta 

Splrullna 

SilohoalplMn 

Tolypivthrlx 


Crratomwoafca  (•l4a»  «f  u«e«t&in  pMltloa)     1  ( 
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p«ro«nt  fT«qu«Rey  (ooeuzTMie*).  and 
».-w»»wv.  ..»«(  for  dUtoi  tmjok  UMtlflad   fraa 
I  Mtm  mimpmatmi  to  te  influMwad  by  mLIim  Mvp. 


*tMlriWST     yfoyncT    2SSBtSS3SSX 

it)  {%}      TST-iorooo) 


*V'jrrtifnt     ^^"yQUTHjY 


d«fl«a 

flMMlla 

.  tauokiaiM  V 


A.  lApponlea  v 

A.  llnaarlB  f .  aiirt* 
k.  ■iiwtlMlaft 


eofTalformla 

ovftlta  vftr.  afrinls 
nvaits  vttT.  pflAioiilua 


AMMoaOfMlB  onnlAta 


vltr 

•p. 

Aat«nO«Wll&   f  OXMH 

JmUIuIa  pandou 
QalOfMlB  aaptilahMM 
C.  teaUluB 
C.  hjnkliaa 

C.  vantrlooaa  vu.  «lplM. 
C.  vantnooM  var.  almtia 
C.  vantrlooaa  var<  txvnoati 
C,  ap. 


Ooooenala  paAloulua 

C.  plaoontula 

C.  plMMBtttlA  var.  aoflTpta 

C.  plAoantuIa  var.  llnaata 

Cydotall*  (XoBAftta 

C.  kutalnfflaaa 

C.  aanaghinlana 


CylljidretAaoa  cimellla 

Cyaatoploutm  aoloa 

Cjnballa  afftala 

C.  aaptiloopAala 

C.  olatttla 

R.  oysbtforsia  var. 

C.  dalSoatuU 

Cyaballa  lunata 

C.  Miiloana 

C.  aterooaphai* 

C.  almita 

C.  MMllarl 

C.  punra 

C,  ftroatrata 

C.  puailla 

C.  mpleola 

C.  alRuaU 

C,   trlanfulua 

C.    tUHlttA 


C.   ap. 


0,    iMtUM  vv.   •LofiKatiM 

D.  vtilxam  var.  brwa 
D.  vuLcBT*  var,  aaaodon 


D.  ap. 

BnioMMMlM  omat* 

E,  iMiJudnaa 
B.   robunta 

■plthMiU  adnata  var.  wmMtmi 

B.  axitua 

I.    BOTOX 

C.  tun  Ida 
B.  ap. 

lunetla  ourvatA 

rranllarla  teovtatrlata  var, 

T,  branrlatrlatA  vbt.   ? 

f.  aapueina 

f.   oapuelna  var*  aoaolopta 


T,  oonatruana  var.   aubaallna 


T.  flTOtonanali 
f,  loptoatauron 
F.   vuieftarlao 

r.  q>. 

G«iplioiMlB  rMn«ul« 


0.37 
0.01 
O.IO 


0.11 
0.01 
9.53 
o.o; 
0.3» 
3.79 
0.03 
0.01 
0.39 
0.42 


0.01 

O.o; 

0.01 
0.11 

O.o; 


0.O7 
0.02 
0.21 
2.19 

0.6; 

1.09 
0.03 
0.01 
0.2S 
2.13 
0.01 
0.12 
0.01 
0.M 
0.01 
0.01 
t 
0.22 
O.Ol 
0.01 
1.32 
1.78 
0.01 
0.03 
0.01 
0.70 
0.03 
0.16 
0.01 

0.01 
0.07 
0.01 

O.o; 

t 
2.82 
0.34 
0.01 

t 
0.01 
0.03 
0.07 
0.02 
0.17 
0.67 


0.09 

0.01 
1.13 

0.03 
0.03 


o.o; 
1.16 
0.03 
0.01 
0.03 
0.18 
t 
1.01 
0.11 
0.01 
0.01 


0.99 
0.02 

«19.79 
0.2; 
S.8k 

109.91 
0.2O 
0.08 
7.22 
5.88 

O.QIt 


0.03 

0.2; 

0,10 
1.21 

O.o; 


0,49 
0.06 

o.w 

'»l,6l 

18.8; 

l».t7 
0.12 
0,03 
1,68 

97,98 
0,03 
1,80 
0,13 

17,60 
0,05 
0,09 

_-lUO.- 
0,03 

o.o; 

30.36 
6;.86 
0.02 
0.06 
O.Ob 
lit  .80 
0.09 
1.60 
0.01 

0.03 
0.19 
0.08 
0.60 

107.16 
7,l<« 
0,02 

0.01 
0.03 

o.» 

0.12 
2.89 
22.78 


0.27 
0.01 
12.»3 

0.27 
0.21 


0,10 
2.32 

0.18 
0,01 
O.W 
1.08 

33.33 

0.77 
0.01 
0.02 


C,  tttint 

0.02 

G.    MglwUtUM 

0.32 

G,  ucwtfttuB  vax,  produetia 

0,02 

G,  usiMtatw  var,  ? 

t 

S,  \Kt<mlaM 

0.O7 

G,  MOMetor 

0,01 

0,03 

S,  (nail. 

t 

G,   Intrlcatta 

0,09 

G,  olivaowB 

l.W 

G,  oUrtamm  vmr,  cUou*. 

O.o; 

S.  ftmlm 

0,1(9 

C.  tocMtlnw 

0,01 

G,  tniwatw 

0.01 

G.   „. 

0,02 

Qjnml^m.  meymXtiAtm 

0,01 

G,  attMUfttia 

0,01 

G.  ullla 

0.01 

G.  palMnU 

0,21 

G.  iiiinmrlA 

0,05 

G.  ipwovll  Tar,  eumda 

0,01 

e.  ap. 

0,01 

««taanH1i  aapliloDra 

0.O7 

X.  iBphloxn  "1.  MOOT 

t 

lk«o«lola  aUlpttoa  rar,  <lanB.lt 

0.01 

R.  althll 

0,17 

MaXoalra  cxmmlata  ^ 


M.  ap. 

0,03 

Hagndloa  cUculara 

0.02 

■Maula  aeoaada 

0.09 

1.  azvaMla 

0.06 

1.  atoua 

0,72 

1.  annoiUta 

0,01 

1.  bleaolea 

t 

1.  eapltata 

0.01 

V.  eapitata  var,  hwi«azlaa 

0.13 

>,  eiaeta 

0.66 

K.  oiocta  var.  haoflart 

t 

R,  elaeta  var.  roatrata 

;.62 

1.  alxwtaxla 

o.o; 

1.29 

0.16 

t 

l.H* 

0.16 

Havloiaa  cuapUaU 

0.02 

R,  euapldata  var,  obtuaa 

0.01 

R,  (Mtlafldioa 

0.01 

R,  (ibcUoUm 

0,07 

R.  haloptlUa 

0.02 

R.  halopBUa  var,  taouiroatrU 

0.01 

R.  hauflan 

o.o; 

R,  bauflM  var,  laptooaptaala 

0,18 

R,  lirtafxa 

t 

R.  >a«ll 

0,16 

R,  laniaalaa 

0.02 

R,  lancMlaU 

0.01 

R,  Bwilaciilua  var,  upaallaiMla 

0.03 

R,  alnlaa 

0,01 

R,  alnnmaukonanala 

0,03 

R,  alnuacula 

0,03 

R.  auttea 

0,03 

R.  autlea  var,  unlulata 

0,01" 

R,  Bullca  var.  ** 

0,01 

R,  oblofiffa 

0,01 

R,  odloaa 

0,01 

R.  palllcuaaaa 

0,01 

R,  pwacrlna 

o.o; 

R.  protract. 

o.on 

R,  pupula 

0,01 

R.  pupula  var,  eapltata 

t 

R,  pnaaM 

o,;6 

R,  ndloaa 

0.01 

R,  tadloaa  var.  parva 

0,03 

0.3» 

R,  rtiynoticpttala  var.  (anulnll 

0,2« 

R.  aallnaro 

1,22 

H.  aallnanai  var.   Intaiaadla 

t 

R.  a^rata  var,  aplculata 

1.38 

R.   alaplai 

0,22 

R,  ayaiMtrlca 

0.01 

R,  tanalloUaa 

3,20 

R,  tmiaxa 

I 

R,  tripunetaU 

0,83 

R.  trlpunetata  var.  achlaonMoldaa 

0,01 

R.  VMtralia  var.  chilanaia 

t 

R.  vlrUuIa 

0,01 

R,  vlrlduU  var.  avmacM 

0.82 

R.  vlrldula  var.   roatallata 

0,03 

R.   ap. 

0.7ft 

RaUltai  affln*  var,  aaphlznjmctiua 

0,01 

R.  blnoAa 

0.01 

R.   blBuleatu. 
R.   ap. 

0.01 

t 

o.ti 
o.« 
o.» 


1«.M 
3M» 
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A1jundMlr<t- 


Abundaiw      >'r»QiiiMi>    Oi:oiuTwfic< 

^r^     (In      i~r.-7o.ooo) 


ntMoM*  Mlaularla 


>.  oavitallAt* 
»,  dlauial 
R.  cXoatartta 
N,  III— iiiiti 
R*  dvltloulA 
>.  dtwlpst* 
M.  aptphytlea 
>,  •plUlaaloUM 
N.  faooieulmtA 
I.  rtUfoxaU 
R.  foittleolA 
)■•  fnatulua 
■•  fructulua  vftr. 
>•  fnatuliM  v»r. 


It  ■ubLliMurla 

II.  trytiltoiuiU 

a.  '.rrblioMUa  nr,  l<blU« 

M.  trTbllonallA  var.  l«vldaR«l« 

>.  tTTblioiMllA  vax*  vlotorlaa 

a.   tl7«Uoull*  rl.  f 

a,  valdMtrta«« 

a.  WBtoularla       ^_____ 

aituonu  v'ltrM 

a,  vltTMi  var.  aailnarlua 

a.  «lva< 


Mmiularta  boraalla 

P.  lavtoaoaa 

P.  aelarla 

P.  vlrSdia 

P.  •;. 

Plauroal^a  dalloatulia 

P.  f. 

RholooapAanla  ourrata 

IDiopalalU  (tbba 

a.  gtbtaa  var.  vantxlaoaa 

a.  flbbaluU 

N.  Buaoulua 

Stauronala  «Uthll 

StapfiaMdlaflua  aatxaaa 

8*  dublua 

9.  aijnitua 

Surlralla  ancuatata 

S.  btaanata  var.  blfrona 

9,  brUhtaaUll 

9.  lowanala 

9,  ovalla 

9.  ovata  var.  plnnata 

9,  aplralla 

9,  atrUtuU 

9yTwdra  aoua 

9.  afflnla 

9,  dallaatlaalaa 

9.  faMltoa 

9.  fwalioa  var*  T 

9.  faaoloulAta 

9.  faaotoulata  var.  ? 

9.  alnuaoula 

9.  paraaltlca 

9.  puXehaUa 

9.  pulehalla  var.  laaarata 

3.   radiaaa 

9.  naipaaa 

9.  ulna 

9.  ulna  var.  aaphlrnTnohua 

9.  ^na  V 


Thalaaaloali«  rluvlatlXla 


2-15 

a.o» 

0.18 

0.01 

0.02 
0.03 
0.01 
t 
1.52 
0.01 
1.91 

o.ca 


0.89 

0.01 

0.13 

0.60 
0.33 
0.12 
0.J6 
O.OI 
0.01 
0.12 
0.09 
0.9S 
6.75 
0.90 
0.07 
0,07 
0.07 
0.03 

0.0» 
0.01 
0.03 


0.01 
0.09 
0.01 


1.03 
0.11 
O.OI 
0.01 
0.05 
0.01 

0.01 
0.62 

0,09 

0.19 
0.03 
0,01 
2,16 
0,01 
0,01 


2,77 
1.02 
0.9» 
0.28 
0.1>9 


0,07 
0,119 
1,22 

t 
0.06 
0.01 
0,03 


103,20 
0.20 
J.60 

0.02 
23.22 

0.02 
0,25 

0,09 

65^ 
0,03 

7»,»9 
0,6lt 


0.56 
291.87 
217.08 


25,50 

0,02 
3,90 
1,80 

2,6» 
2,16 
3,96 
0.01 
0.02 
l.U* 

0,5» 
30,00 
607.50 
25.20 

0.8» 
1,05 

0.98 
O.M 

0,12 
0.09 
O.M 


0.01 
1.53 
0,03 


33,99 
3.« 
0,02 
0,03 
0,35 
0,02 

0,01 
10,5» 
1.26 

o7yi 

0.39 

0.05 

110.16 

0.0« 

0.05 

oTi 


9«.18 
1,02 

28,20 
0,28 
1.96 

i,a» 


0,1>2 
0,01 
0,13 

7,35 
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AflWIBll*     II. 

lUniaur  .11. 

.,IH.   (TUO 

•M|>l>l. 

a 

miiM 

'..■>. 

0017« 

U.Wi 

UOIIA 

'..yi 

OOlfA 

f..l7 

OOMt 

',.» 

onu 

2.79 

gem 

J.51 

oenA 

3.»6 

ooau 

t.OU 

OOZSk 

2.59 

0O37A 

3.91 

OOISA 

5.17 

0OJ9A 

5.77 

OOUM 

5.16 

oa»u 

3.» 

OOltlA 

5.76 

OOkV 

. 

0109* 

It.ZD 

OltOA 

2.59 

OllU 

Z.26 

0112A 

».78 

011)A 

0.50 

Otl»* 

2.1*1 

01J7A 

— — 

013W 

3.53 

01J9* 

2.90 

OlkOA 

2.«e 

Ot*lA 

3.61 

OlklA 

1.06 

01»J* 

3.62 

OtaiUl 

3.65 

OlkSA 

3.2* 

OllM 

?,\2 

01»7A 

1..87 

oiaaA 

3.5k 

OIWA 

2.21 

OHOA 

2.09 

OUtA 

l.JB 

OtStA 

3.06 

OtWA 

3.37 

OIWA 

2.65 

1)15»A 

O.M 

OlitA 

3.60 

0157A 

3.97 

01)9A 

2.6* 

01««A 

5.56 

0169A 

<..16 

OtTOA 

3.30 

0»7tA 

5.12 

0I72A 

3.93 

0173« 

5.51 

Ot7«* 

'•.66 

0I75A 

6.65 

0I76A 

'•.30 

0177A 

— — 

017SA 

0.55 

017»A 

1.26 

0180A 

kM 

OIBIA 

5.6» 

oieaA 

1.91 

oiejA 

lt.lt2 

OISM 

».>• 

otavk 

".57 

OlSiA 

7.26 

0t«7A 

5.06 

oieaA 

6.30 

osavA 

1.89 

at90A 

1.65 

OWtA 

0.5B 

019tA 

6.71 

0t9]A 

',.0V 

Ot»»A 

5.15 

0t9JA 

3.50 

OIWM 

2.20 

01»7A 

3.15 

OIWA 

2.31 

OIWA 

3.70 

0200A 

0.02 

020tA 

2.33 

noiA 

3.19 

020> 

1.29 

laokx 

1.60 

a205A 

1.06 

0206a 

6.13 

0207A 

2.90 

OTOSA 

0.53 

0109A 

3.05 

0210A 

2.50 

02tlA 

l.OO 

02  UA 

2.91 

OZtJA 

0.13 

OZIU 

6.69 

OllW 

7.20 

0»t»A 

o.eo 

022OA 

1.07 

OZtlA 

3.19 

0I22A 

1.07 

OttJA 

2.12 

«™Uj   (li).     lUlwu. 


.671 
.812 
.800 


.93* 
.768 
.766 


.906 
.910 
.516 


1758 
1718» 

058 
10069* 

3210» 
I6t69» 

1031» 
870 

1100» 

2097* 

3»52 

2910 
6J0« 
067* 

036. 

12669 
720O» 
7789 

18007 
2999 

10390 
7303 

780* 
596» 
3106 
3075* 
1201* 
7000 
3206* 
866 


6798 
2303 
1152 
2253 

912 

706 

899 
6010» 
2108 
1166 

90J*» 
3050 
3613 

1310 
3028 
1001 
50O1 
1262 
6602 
3119» 
1»6»» 
6390^ 


707»» 
332* 
238 19» 
330>» 
6390» 
8090* 

1060O» 

nil* 

t031'* 
02519* 
100«»» 
»2519» 
16»0»» 
28150* 
11069* 

5119* 


nifxr 

3390" 
19000# 

1190 
1190 
1272 

20*5 
0180 
3086 

79r 

579* 
800» 

090* 

12000 

8500 

8800 
23000 

3307 
13500 

7770 

900» 

679* 
3550 
5380* 
1391 
8210  . 
3709 
1107 
1700 
2315 

806 
0069 


963 

1116 
7390 
2733 
1380 
2007 
1160 
956 
U86 
5910» 
2297 
1017 
1088 
0207 
0507 

1736 
3628 
1989 
5760 
1627 
7290 
6000# 

i5aoo# 

7500# 


»300# 

368# 
28000* 

3910# 
750O» 
9500# 

12500* 
1520* 
1190# 
S0000# 
17000* 
50000* 
19800* 
33100* 


•«>tar  aBpla  ukM  on  *  iltfnml  data  Uian  U<u  Marl*.  altMr  at  Um 
«■•  lit*  or  >  MUbr  olta  o«  tlio  ■»•  —tor. 

*nold  ooalaotlfltr  mmiMolit. 

«ns  ostlMUd  tvM  X  bund  o»  tho  r««T»«»loii  onuatlon  I  -  0.85»  •  19. 
aMn  X  U  TD3  ud  ?  !•  9C. 
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